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They queue for up to eight hours. More 
than 1.6 million people. In the streets outside 
the British Museum in London. All waiting, 
in that uniquely polite English way, to touch 
the famous pharaoh. Of course, the touching 
can only be done with the eyes. Priceless is an 
overused word, but it’s impossible to calculate 
the value of the artefacts behind the glass. 

To this day. The Treasures of Tutankhamun’, 
which ran from March to December 1972, 
remains the most popular exhibition ever 
staged at the British Museum. And this 
was merely the first bout of King Tut fever. 

After London, the artefacts toured the world 
for the next decade, leaving the Egyptian 
government, official owners of the boy-king’s 
booty, $10 million to the good. The Purse 
of Tutankhamun lives. 

While Tutankhamun wasn’t the 
first pharaoh to be ‘resurrected’ by 
archaeologists, he was the one who 
most caught the world’s imagination. 

A dead celebrity, if you like. 

So why did the boy-king find a sweet 
spot with the public during the 20th 
century? Historians have suggested that 
Howard Carter’s discovery of Tut’s tomb 
in 1922 dovetailed the dawn of the mass- 
media age. The Times in the UK paid 
£5,000 for exclusive access to the tomb. 
Others have theorised that after the loss 
of so many young soldiers in World War 
One, the public were moved by the story 
of a king who died while still in his teens. 

Whatever the reason, I hope you 
enjoy our historical investigation into 
Tutankhamun’s premature death in this 
month’s mag. But trust you didn’t have 
to queue for eight hours to get it. 

Vince Jackson, Editor 
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ocean giant which appears to 
contradict the laws of physics 
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containers. We’ve got everything 
you need to know about the 
ship’s fascinating anatomy. 
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On-board this Boeing C-17 Globemaster III, 



T he US Air Force’s 

rescue team is always 
at the ready: as soon 
as they receive their 
orders, the doctors 
grab their equipment 
and fly into the war zone on a 
Boeing C-17 Globemaster III. 

Originally designed for 
transporting supplies, these days 
the $220 million plane is used as a 
flying emergency unit. Each week, 
the aircraft flies about a dozen 
missions from Ramstein Air Base 
in Germany to Iraq or Afghanistan. 

Helicopters collect the wounded 
from the battlefield and evacuate 
them to the nearest air base - 
where the Globemaster stands 
at the ready. Measuring about 53 
metres in length, the aircraft can 
accommodate 54 casualties and 
three medical teams (each with 
a surgeon, anaesthetist, nurse 
and additional medical personnel). 

Once all of the patients have 
been stabilised, the ‘clinic in the 
clouds’ starts its return journey. 
The injured soldiers receive further 
treatment at a medical centre near 
Ramstein until they are given the 
all clear for the trip back home. 

Aircraft like the Boeing C-17 
are one of the reasons more and 
more American soldiers will make 
it back safely to their families. 
During the Vietnam War, it took 
an average of 45 days to return 
casualties to the United States, 
but today the same trip takes 
three days or less. And the survival 
rate has increased to 98%. □ 



medical teams fight to save the lives of 



wounded US soldiers - at 10,000 metres. 



Their mission: to bring the injured back 



home safe and sound 



EMERGENCY ROOM 
Casualties enter the 
aircraft through the back 
of the cargo hold for 
immediate treatment. 

The medical team here 
focuses primarily on 
treating injuries, but 
they also have all the 
equipment they need 
to perform CPR. 



THE WARD 

Patients who have been stabilised move from 
the emergency room to the ward. There they are 
accommodated in pallets stacked like bunk beds and 
given an emergency call button to alert the medical team. 



MEDICAL EQUIPMENT 
The medical teams bring vital 
drugs and IV infusions on board 
before take-off. For serious 
lung injuries, a flight-optimised 
lung machine facilitates 
respiration for patients. It 
draws the oxygen from tanks 
stored in the plane’s nose. 









SURGERY 

If a patient’s condition starts to deteriorate 
rapidly, doctors have the equipment to 
perform emergency in-flight operations - 
they can even carry out open-heart surgery. 



FLIGHT PATH 

If casualties become unstable, 
it’s best to avoid all air 
turbulence. The medical teams 
use noise-cancelling headsets 
to talk with the pilots and 
adjust the route if necessary. 



TEMPERATURE 

Soldiers with serious burns need to 
keep warm to avoid hypothermia. 

The floor panels of the aircraft are 
equipped with 84 strip heaters that can 
heat the cabin up to 32 degrees Celsius. 




HISTORY 




It’s a 3,000-year-old 
question that baffles 
historians. How did 
ancient Egypt’s most 
famous pharaoh die? 
Some say illness. 
Some say an accident 
And there’s a body 
of scholars who 
insist Tutankhamun 
perished by more . 

sinister means J 










<RADIGAl FATHER > 




Tutankhamun’s father 
Akhenaten sent 
shockwaves through 
ancient Egypt by shunning 
the traditional practise of 
worshipping a variety of 
different gods. 



THE PLOT 
THICm... 

f HE BACKGROUND fO 
fUfANKHAMUN’S DEMISE 




BfftMINlHO IDEjEVIDENCE 
Since 1 968, Tutankhamun’s mummy has 
been subjected to three major examinations, 
which all sought to establish a cause of 
death. From 2007-2009, 11 royal mummies from 
Tut’s bloodline, the 18th Dynasty, all underwent^ 
detailed genetic and radiological testing.- 



I magine capitalism being declared illegal. 
Or the world operating under a single 
leader. Or discovering that the Earth is 
flat. Around 3,300 years ago, the very 
fabric of life in ancient Egypt was being 
ripped to shreds in similarly dramatic fashion. 

Akhenaten, pharaoh of the 18th Dynasty, 
is busy abolishing the religious tradition of 
polytheism - the idea of following multiple 
gods - and insisting his subjects instead 
worship Aten, the sun-disk in ancient 
Egyptian mythology. Priests are coerced 
from their temples. Statues are destroyed. 
Akhenaten attempts to remove all references 
to gods from the culture. He creates a new 
capital city away from the traditional centres 
of Thebes and Memphis. The upheaval is 
^ drastic, creating an unstable environment - 
“right up to the moment when Akhenaten dies 
in the seventeenth year of his reign, leaving 
his son Tutankhamun as successor. 

^ ^ The new king is just a boy, only nine years 
old.Hf historians are correct about the level of 
social unrest sweeping through the kingdom, 
then Tutankhamun has a daunting job on 
his hands. As a child, he doesn’t have the 
experience nor the intellect to govern Egypt, 
and for this reason he’s chaperoned by two 
powerful advisers. General Horemheb and 
Vizier Ay. Under their guidance, Tutankhamun 
sets about reversing some of his father’s 
radical changes, ending the worship of the 
sun god, repairing statues and handing 
back traditional privileges to priests. Then, 
suddenly, aged just 18, the young king dies. 

This is where, using historical 
and archaeological records. World of 
Knowledge's investigation into King Tut’s 
premature demise begins. 

Was he suffering from illness or disease 
when his life ended early? Was he involved 
some terrible accident? Or were those 
him secretly plotting the pharaoh’s 
ifall? We now declare history’s 
fascinating cold case open... 
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When King Tut dies aged just 18, h's 

requesting a marriag letter she 

S « has sinister osertones, 
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once in her husband’s inner-sanctum. 



hypothesis 



maurn assassimion 



B ob Brier was watching, by his 
own admission, a “rather dull” 
BBC TV doco on Tutankhamun 
when something made him sit up: 
a cranial X-ray of the boy-king, 
showing a black area on the film. 
Brier knew all about mummies. 



The American was a celebrated 



Egyptologist, specialising in 
paleopathology. From the moment 
the narrator suggested the unusual 



dark spot could have been caused 
by a haemorrhage in King Tut’s brain, 
possibly brought on by a blow to the 
back of the head. Brier had a burning 
desire to investigate further. 

Despite his academic standing. 
Brier was under no illusions he 
would get access to Tutankhamun’s 
mummy. So he began scrutinising 
the records he could access: photos 
of the young king’s internal organs. 



reports on the 1925 autopsy of King 
Tut’s mummy and most importantly 
the X-rays he’d seen on TV. 

After consulting with colleagues 
at Long Island University, Brier 
noted that the strike inflicted on 
Tutankhamun was in a strange area 
for head trauma - a well-protected 
spot where the neck joins the skull. 
Not a place where you’re likely 
to be injured falling backwards. 






British archaeoiogi^t Howard Carter [ieft] 
first discovered Tutankhamutfs tpur-room 
tomb in 1922, in Egypt’s Vaiiey of the 
Kings, it’s considered the best preserved 
of aii the pharaoh tombs in the Vaiiey. 



Royal adviser Ay, pictured 
here [far right] on the 
wall of King Tut’s tomb, 
may have had reason 
to kill the young pharaoh. 



A surprise marriage 
between Tut’s wife [right] 
and Ay is suggested by 
inscriptions on an ancient 
ring [inset right]. 



“Perhaps Tutankhamun was struck 
from behind or while he was 
sleeping,” said Brier of those initial 
findings. “This was all interesting 
stuff, but far from conclusive and 
certainly not proof of murder... 

You need motives, means - you 
have to look at the circumstances 
surrounding the death. In the end, 
it was the circumstantial evidence 
that led me to conclude that 
Tutankhamun had been murdered.” 
No piece of evidence will ever be 
a ‘smoking gun’ when investigating 



a death that occurred more than 
3,300 years ago. It’s like doing 
a jigsaw puzzle when you know 
half the tiles are missing. But 
for Brier and other supporters 
of the foul-play theory, a letter 
written by the pharaoh’s young 
wife Ankhesenamun, found on clay 
tablets during excavations in Turkey, 
adds extra layers of intrigue. 

After King Tut had died, the Queen 
wrote to Egypt’s timeworn enemies, 
the Hittites, asking their king to send 
a son to marry her. The significant 



portion of the letter read: “My 
husband died. A son I have not. 
But to thee, they say, thy sons are 
many. If thou wouldst give me one 
son of thine, he would become my 
husband. Never shall I pick out 
a servant of mine and make him 
my husband... I am afraid!” 

Who, wondered Brier, was she 
so scared of? Was the servant 
she referred to either Vizier Ay or 
General Horemheb - King Tut’s 
closest advisors - whom she both 
considered as mere commoners? 
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f IVlUCnPLECSDW 

Tutailkhamun’s famous sarcophagus, on display 
hpre at Egypt’s Cairo Museum, is part of several , 
nested coffins used in his burial. The inner-most 
coffin weighs 110 kilos, and in scrap alone ^ 
would be worth around $2.3 million. . ^ 



What drastic situation made her turn 
to Egypt’s traditional foes with 
a marriage proposal, potentially 
paving the way for a Hittite ruler? 

The husband that Ankhesenamun 
asked for never arrived. He was 
assassinated on his journey to 
Egypt. Historians now believe, 
thanks to an inscription on a ring 



found in the Valley of the Kings, that 
Ankhesenamun ended up marrying 
Ay, inspite of the pleas in her letter. 

Bob Brier believes Ay could have 
played some deadly power games 
in order to become Egypt’s next 
pharaoh. Tutankhamun fathered no 
heirs, so there would have been a 
power vacuum. And Ay’s proximity 



to King Tut would have made an 
assassination easier. Moreover, 
some scholars, including Dutch 
Egyptologist Jacobus Van Dijk, point 
out that Horemheb - not Ay - was 
the official ‘number two’ in ancient 
Egypt, and should have succeeded 
Tutankhamun. “There can be no 
doubt that nobody outranked the 







SYMBOL» 

'P'^he number of coffins a pharaoh had was linked 
with status. While most kings were afforded 
three or four, Tutankhamun was buried in eight. It 
wasn’t unusual for funerals to last for 70 days, in 
which time rituals for the gods were performed. 



I< DENIED THE THRONE > 



Some historians insist that 
General Horemheb [right], 
not Ay, was next in line to 
the throne - adding to the 
intrigue around Tut’s death. 



Hereditary Prince of Upper and 
Lower Egypt and Deputy of the King 
in the Entire Land except the king 
himself, and that Horemheb was 
entitled to the throne once the king 
had unexpectedly died without 
issue,” says Van Dijk. “So it is 
Ay’s, not Horemheb’s accession, 
which calls for an explanation.” 



While the discovery of King Tut’s 
tomb by British archaeologist 
Howard Carter in 1922 transformed 
the dead pharaoh into something of 
a celebrity, Ankhesenamun’s resting 
place has never been verified. In 
fact, after the infamous Hittite letters, 
there are no archival records of her 
anywhere. It’s like she vanishes in 



a cloud of historical dust. “She is not 
mentioned on the walls of Ay’s tomb 
in the Valley of the Kings, and her 
tomb, if she ever had one, has 
never been found,” says Bob Brier. 

Years after that “dull” BBC 
documentary, the detective can’t 
help but pose this teaser: “Could she 
too have been murdered?” he says. 
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' simulations to show how he could ha 

fatally injured in a chariot eras 



THEORYK HUHITINB ACCIDENT 



hariots are traditionally 
associated with ancient Rome, 
but it was the Greeks who first 
brought them to Egypt in the 16th 
century BC, at least eight hundred 
years before the great Italian 
empire came into existence. 
Mastery of these carts was a 
respected craft; chariot riders had 



their own independent unit in the 
pharaoh’s military force. 

We know Tutankhamun was an 
avid chariot rider; a boy-racer of 
his era, if you like. Depictions on 
a wooden chest in found in his 
tomb show King Tut piloting the 
cart in battle; today, five actual 
gold-gilded chariots found in the 



young pharaoh’s tomb are on 
display in the Cairo Museum. 
Indeed, riding a chariot in combat 
would have been part of the king’s 
duties as an Egyptian leader. 

Which may explain why, in 2013, 
a research team from the UK’s 
Cranfield Forensic Institute began 
probing X-ray and CT data of King 









[Above] One of five chariots 
^ unearthed from King 
Tut’s tomb. Some were 
« , for ceremonial purposes, 
others for everyday use. 



Tut’s body in order to do 
a ‘virtual autopsy’. They found 
Tutankhamun had suffered some 
kind of massive trauma; damage 
to his breastbone, rib cage and 
leg were all indicated. 

The scientists, headed up by 
Dr Chris Naunton, director of the 
Egypt Exploration Society, then 
used computerised car-crash 
simulations to show how the 
wheel from a speeding chariot 



could have run into Tutankhamun 
while he was on his knees, 
shattering his ribs and pelvis, 
and crushing his heart so badly 
that it was unsalvageable 
for his mummification. 

Of course, this theory, like 
so many other King Tut death 
hypotheses, requires a leap of 
faith in assuming that the pharaoh 
was, at some point, thrown from 
his carriage, either while hunting 



or in battle. “I wonder how they 
could say his internal organs were 
crushed. We won’t know until the 
canopic jars housing his organs 
are examined,” says Salima Ikram, 
professor of Egyptology at The 
American University in Cairo. 

Frank Ruhli, head of the Centre 
for Evolutionary Medicine at the 
University of Zurich, agrees: “The 
mechanism of explanation for the 
accident is not provable,” he says. 
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fiBICIALEVIDEME 



Using genetic fingerprinting and tests on DNA, researchers 
were able to prove beyond reasonable doubt that Tutankhamun 
was the product of incest. Although ancient Egyptians 
thought this fostered purer bloodlines, in reality it produced 
generations of children riddled with defects. 



moms 

TAINTED DENES 



I n 2008, John Deaves and his 
biological daughter Jenny 
caused national outrage in 
Australia when they revealed 
they had - consensually - 
produced two children together. 
Rewind 3,300 years, however, 
and incest was more than just 
commonplace among Egyptian 
nobility. It was encouraged in 
order to keep bloodlines “pure”. 

King Tut’s wife Ankhesenamun 
was most likely his half-sister. 
Recent DNA evidence suggests 
that his father Akhenaten and his 
mother, the so-called “Younger 
Lady”, were siblings. It’s also 
been insinuated that Akhenaten 
had sexual relationships with 
some of his daughters. 

While not just morally wrong, 
modern medicine has taught us 
that mixing family genes can be 
seriously bad for your health 
- and if there ever was a poster- 
boy for the ills of incest, it’s King 
Tut. Over the years, research 
has pinned the following 
diseases and afflictions on him: 
epilepsy, sickle cell, Marfan 
syndrome, mental retardation, 
cleft palate and scoliosis. And 
that’s just the short-list. 

In 2014, a group of scientists, 
led by Professor Albert Zink, 
head of the Institute for 



Mummies and Icemen in Italy, 
set out to disprove that 
Tutankhamun was killed in 
a chariot race [see previous 
page]. After performing an 
autopsy composed of more 
than 2,000 computer scans, his 
team theorised that the boy-king 
had received only one of his 
many bone breaks before he 
died; the others, including 
fractures to his skull and other 
parts of his skeleton, were made 
post-mortem, possibly during 
a ham-fisted burial. 

“It was important to look at 
his ability to ride on a chariot,” 
said Zink. “And we concluded 
it would not be possible for 
him, especially with his partially 
clubbed foot, as he was unable 
to stand unaided.” 

The scientists therefore believe 
that genetic impairments, as 
a result of sibling parents, most 
likely led to a fatal illness. 

A breakthrough DNA study 
by Germany’s University of 
Tubingen in 2010 suggests King 
Tut was riddled with malaria. 
“Inbreeding is not an advantage 
for biological or genetic fitness,” 
said geneticist Carsten Pusch. 
“Normally the health and 
immune system are reduced 
and malformations increase.” 




< BIRTH DEFECTS > 



Digital images [above and 
below] show what Tut may 
have looked liked. DNA 
studies suggest he might 
have had a club foot. 



“INBREEDING IS NOT 
AN ADVANTAGE FOR 
BIOLOGICAL DR 
GENETIC FITNESS.” 

Carstin Piack, geneticist 
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KILLED DY HIPPO 



O ver millennia, the African 
continent’s deadliest 
creature migrated its 
1 ,500kg bulk away from Egypt. 
But cruise along the River Nile 
in King Tut’s day and you would 
have caught sight of hippos 
grazing along the banks in 
large numbers. Hang around 
and you may have seen 
a hippo capsizing a fishing 
boat. Or destroying crops. Or 
stampeding helpless farmers. 

Yet paradoxically, the 
hippopotamus occupied 
a peculiar place in the hearts 
and minds of ancient Egyptians. 
Because as much as the 
creature was a menace, it 
was also an object of worship. 
Several deities, including the 
fertility goddess Taweret, 
appear in the form of hippos. 

Not that this stopped 
the Egyptians from hunting the 
animals for sport; the practice 
is depicted throughout their 
ancient art. Among the treasures 
unearthed from Tutankhamun’s 
tomb were a gold statue of the 
king harpooning what’s believed 
to be a hippo (and, good taste 
notwithstanding, a gold hippo 
amulet bed-couch). 

Could it be, then, that 
Tutankhamun was slaughtered 



by one of the marauding 
creatures during a hunting 
expedition? And would this 
explain his chest injury? 

Dr Benson Harer, an 
Egyptology professor and 
medical doctor at California 
State University, thinks so, 
putting forward the theory 
that King Tut was killed by 
a lethal hippo attack. 

With a bite force of 1 ,825 
psi (pounds per square inch) 

- almost three times that 
of a lion - the animal certainly 
has the tools to inflict a deadly 
blow. A chomp to the upper 
chest would be followed 
by respiratory failure. 

If a hunter was in close 
proximity to a hippo and its 
young, the animal would be 
quick to defend its offspring. 

“If he [King Tut] did have a club 
foot as a recent medical report 
suggests, it would make him the 
slowest person getting out of the 
way,” says Dr Harer. “The easiest 
person for the hippo to get.” 

And here’s the kicker. Dr Harer 
believes that if Tutankhamun 
was fatally injured by a hippo, 
authorities would have likely 
covered up the incident, fearing 
the public would have read it as 
a negative sign from the gods. □ 



“IF KING TUT DID HAVE 
A CLUD FDDT, HE WDULD HAVE 
DEEN THE EASIEST PERSDN 
FOR THE HIPPO TO GET.” 



Di Binson Hatit, Egyptology prolessot 
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""QUIZ! 

CAN YOU GUESS WHICH 
EYE BELONGS TO WHICH 
ANIMAL? THE ANSWERS 
CAN BE FOUND ON PAGE 32 









NATURE 




LOOK INTO 




MOTIdl 

INTf 



'HE'IYOST 

^TI VE 



I t takes a fraction of 
a second, just a few 
millimetres, a muscle 
twitch - and the sensors 
sound the alarm. The eyes 
of Eublepharis macularius 
are equipped with extremely 
sensitive motion detectors. 
Where we see just dry desert 
sand, the pupils of this 
nocturnal hunter can make 
out the slight lifting up of 



sand grains caused by 
a beetle burrowing beneath 
them. Exactly how they 
manage to do this remains 
a mystery. Scientists suspect 
a genetic eye mutation has 
resulted in Eublepharis 
macularius developing 
what’s known as ‘marble 
eyes’, giving it a visual 
system far superior to even 
the most high-tech cameras. 
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EVOLUTIONARY MIRACLE 
The eyes of Tinea tinea other 
members of their species 
developed in the space of just 
364,000 generations - a blink 
of an eye in evolutionary terms. 



^SPECIES: Tinea tinea 
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s ..T 
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EYES 
HAVE A 

PANORAMIC 

APP 



I ts eyes are not much bigger than 
a thumbnail - and yet Tinea tinea can 
see pretty much everything. That’s 
because the creature’s reddish-yellow 
pupils are positioned on the side of its 
head and each covers almost 180 
degrees. The result is near 360-degree 
panoramic vision. Only a tiny blind spot at 
the back of its body offers its enemies a 
chance of a surprise attack. An additional 



high-tech feature of Tinea f/nca’s 
eye is that it contains four types of 
photoreceptor (humans have three) 
meaning it can also perceive ultraviolet 
light - short wavelength light rays that 
can’t be seen at all by humans. But being 
able to see more doesn’t necessarily 
translate as being able to see better - 
beyond a certain distance everything 
becomes blurry for Tinea tinea. 





^SPECIES: Morelia viridis 



PROTECTIVE SHIELD , 

To protect Its pupils, Morelia 
wr/£f/s pumps blood Into the ' 
scaly layer around its eyes. 

When hunting, however. It 
cuts off this blood supply In order 
to have a free field of vision. 



fragrance compounds that are then 
identified by the Jacobson’s organ in 
the roof of the mouth. The three-metre- 
iong predator can aiso pick up even the 
tiniest vibration in its iocai environment. 
And that’s not aii: its pit organ, iocated 
under the scaies on its eyes, works iike 
a kind of infrared camera, producing 
constant thermai images of potentiai 
prey. Who needs eyes anyway? 



E voiution must have had a day 
off when it created the eyes of 
Morelia viridis. Why? Because 
their eyes are good for iittie more 
than just distinguishing between iight 
and dark and perceiving movement. 
Despite this the animai is a formidabie 
hunter. It compensates for its visuai 
deficiencies through a whoie range of 
other organs: the tongue can absorb 



INFRARED 

CAMERA 









DOUBLE FOCUS 



In contrast to virtually all other 
living creatures, the eye of 
Haliaeetus leucocephalus 
has two centres of focus. This 
allows it to see both forwards 
and sideways at the same time. 




► SPECIES: Haliaeetus leucocephalus 



I CAN SEE A 
MOUSE EROM 

A HEIGHT 
OF 2,000 
METRES 



obody can pull the wool 
over these eyes: Haliaeetus 
leucocephalus has the 
sharpest vision among all 
animals. Its visual perception is four 
to eight times as strong as ours, 
helping it spot things like small 
dormice from 2,000 metres away 
without a problem. The secret to 
how it does this lies in its retina. 
This has five times as many visual 
cells as ours and is home to 



something called the fovea centralis, 
a small central pit composed of 
closeiy packed cones - ideal for 
locating prey. Thanks to the 
extremely high cone-cell count 
in its eyes, this predator can even 
see prey swimming underwater 
from a distance of 800 metres. 

As a result its catch quota iies 
at a record-breaking 90%. An 
incredible feat that makes it the 
undisputed king of ail fishermen. 






LIGHT ABSORBER 

The eyes of Felis silvestris catus 
are specially equipped for the 
dark. While its pupils reduce to 
narrow slits in bright light, in 
darkness they fill the entire eye. 
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I HAVE A 
MIRROR 



EYE 



T hese eyes belong to one 
of the most successful 
predators on the planet. 

At night the pupils of Felis 
silvestris catus are double the size 
of a human’s. The eyes also light up 
in the dark. The reason for this is a 
layer behind the retina that functions 
like a mirror and reflects captured 
light rays back onto the retina, 



enhancing the animal’s ability to 
see. At 200 degrees, its visual field is 
a tenth larger than ours. But it’s only 
at night that our sight is inferior: 
“Humans have ten times as many 
cone cells on their retina,” explains 
vet Kerry Ketring from the All Animal 
Eye Clinic in Whitehall, USA. “That 
means that we see much better than 
Felis silvestris cafus when it’s light.” 
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IN ATTACK MODE 
The red eyes of Agalychnis callidryas are 
a bit of a giveaway. To help camouflage 
them when on the hunt for prey, it hides 
them behind a see-through membrane. 



k SPECIES: Agalychnis callidryas 



T he vivid red eyes of Agalychnis 
callidryas are one of nature’s real 
strokes of genius: the unusual eye 
colour makes potential predators 
question the wisdom of attacking this 
vulnerable jungle-dweller. The message 
it sends out - which isn’t actually true - 
is: Watch out, I’m poisonous! Meanwhile, 
so that it doesn’t make its own prey flee, 
evolution has pulled another trick out of 



the bag. Along with a conventional eyelid, 
each eye has a thin protective membrane 
that helps disguise its red colour but 
still remains see-through [see photo] 
thus allowing it to spot and attack its 
prey. It’s a cunning camouflage that 
Agalychnis callidryas couldn’t live 
without. Why? Because the poor creature 
is so short-sighted it can only clearly 
make out objects 1 5cm in front of it. | 







ONE EYE FOR TWO WORLDS 
HD quality in and out of the water? 
While the human eye can only make 
out blurry shapes beneath the 
surface, this eye can see in pin-sharp 
detail even at a depth of 60 metres. 







I HAVE 

INBUILT 

DIVING 

GOGGLES 



T wenty, fifty, sixty metres - ^ 

Fratercula arctica dives beak-first 
under the ocean waves, snapping 
away with perfect precision. Its 
prey stand no chance. Even though the 
lightning-quick hunter is not really in its 
element - that lies far above the water. 
But how does it manage to navigate so 
perfectly in this alien environment? 
Researchers discovered that Fratercula 



arctica has a visual device similar to 
Agalychnis callidryas opposite. In addition 
to its upper and lower eyelid, the animal 
has a third, transparent lid. This functions 
like a pair of diving goggles, helping it to 
hunt herring and its favourite snack, sand 
eels. It covers the cornea while the animal 
is under the water and allows it to see 
clearly for dozens of metres. Good news for 
Fratercula arcticar, bad news for its prey. 
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LEOPARD GECKO 
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The reptile lives in the dry deserts of 
southern Asia and can reach 30cm when 
fully grown. Its diet consists of insects. 



HOW EVOLUTION 
INVENTED SIGHT 
-AND THEN 
PERFECTED IT 



“In reality nobody knows the 
ww ancestor of all eye-bearing 
creatures,” says Walter Gehring from 
the University of Basel. “But we suspect 
that it lived about a billion years ago in 
the sea and had a skin that reacted 
sensitively to light.” To this day, some 
starfish, jellyfish and earthworms still 
possess an epidermis with light- 
sensitive cells, probably comparable to 
those early ancestors’ eyes. Over the 
course of evolution nature has adapted 
the eyes of different animals to their 
environments - and has equipped them 
with fascinating features. These are 
often far superior to our high-tech 
cameras. No wonder, given the billion 
years they’ve had to develop. 




TENCH 



GREEN TREE PYTHON 



BALD EAGLE 



This carp-like freshwater fish is ecologically 
adaptable and found across Europe. It can 
reach up to 70cm in length. 



The constrictor lives in the tropical 
rainforests of Papua New Guinea. Rodents 
and birds form the bulk of its menu. 



The eagle-eyed bird of prey lives in North 
America. It swoops down on fish, rodents 
and birds from hundreds of metres away. 




There are around 3.3 million domestic 
cats in Australia. They are one of nature’s 
most successful predators. 



The ambush predator, measuring just five 
to seven centimetres, lives in the rainforests 
of Central America. 



The unmistakable seabird prefers to live 
on islands in the North Atlantic, and in the 
North Sea around the British Isles. □ 



32 



PHOTOS: Getty Images (6); Shutterstock (4); Henrik Vind/500px; Guillaume Dutilh; Corbis (2) 















Are you a i^een photographer loohing to develop 
your shills? 

Join the Australian Geographic Whitsundays True 
Colours Photo Worhshop where you'll be tutored by 
some of the country's finest master photographers 
in one of Australia's most stunning locations. 



Peter Eastway: G.M. Photog., Hon FAIPP, 
HFNZIPP, FAIPP, AIPP Grand Master of 
Photography and award-winning travel 
and landscape photographer. 



Bruce Pottinger: M.Photog.l Hon.FAIPP, 
A Master of Photography and an 
honorary fellow of the AIPP. 
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own True Colours experiences 
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beauty in the heart of the Great Barrier Reef 
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H ilUiJt iNbnicn 




For more information and the fuii itinerary, visit 
uniin».austraiiangeographi(.(om.au/whitsundays 







RACIST KILLER 
On 17th June 2015 
Dylann Roof shot dead 
nine African-Americans 
in a church. Prior to the 
shooting the 21 -year-old 
gunman uploaded dozens 
of photos of himself with 
nationalist motifs like 
the Confederate flag. 



Dylann Rnnf, serial killer 

"I hivB no 
cMce. 
io ii. You're 
Mill miiir mi* 

cimlrv. Ym 

iBie to II." 

J ust a few days before his 

rampage, Dylann Roof publishes 
a rambling manifesto on the 
internet: in it the 21 -year-old 
explains why he wants to kill African- 
Americans. His motive? He fears that 
blacks are killing white people and are 
gaining prominence over other races in 
the USA. Investigators believe that Roof 
suffers from a paranoid personality 
disorder. The latest criminal figures 
show how irrational the fear of being 
murdered by a black person is: the 
probability of a white person being 
killed by another white person is six 
times higher than the chances of the 
same person being killed by an 
African-American. In spite of this, 
Dylann Roof is just one of many 
Americans to have been infected 
by this paranoid thought. 









85 FATALITIES IN FIVE MONTHS 
In the first five months of 201 5 alone, 
US police officers shot 385 people; 
just 94 people were killed by police 
in Australia between 1 992 and 2011. 
Significantly, the American victims 
included four times as many blacks as 
whites. Protests like those shown here 
in Ferguson are often the result. 



the USA this 
pule is like 
a mantra for 



the police." 



John Whitehead, US lawyer 

"Sheet first. 
ask later - in 



I n America, the police know that 
every third person owns a weapon. 
So the fear that they themselves 
will become victims increases 
- particularly in potentially stressful 
situations. During an arrest or 
a traffic check, the subjective 
perception of danger increases - 
as does their willingness to pull the 
trigger. “At the same time, the US 
government has massively increased 
the weapons and powers of the police 
force,” says US lawyer John Whitehead. 
These days, the armoured vehicles 
used by US police special forces 
are barely distinguishable from the 
Humvees of the US military. Significant 
numbers of critics are now speaking of 
the United Police States of America. 
They’re convinced that the number 
of civilian victims harmed by the 
police will only increase in the future. 







officers in the US. Aii have 
the right to shoot a person, 
regardless of whether the 
victim is carrying a weapon 
or attacking an officer. 
Feeling threatened during 
a vehicle check is often 
justification enough. 





he verdict has already been handed 
down before the culprit has been 
caught. A few hours after Dylann 
Roof shot nine people in a church 
in Charleston, South Carolina, the 
police chief talks of a “hate crime”. 
The mayor and senator describe 
the 21 -year-old as an “evil lone 
wolf”. But is Roof really just 
a lonely racist, an outsider? 

Shortly after his capture and arrest, 
FBI profiler Joe Navarro diagnoses 
a paranoid personality disorder in 
the gunman. Roof has an extreme 
phobia of black people and feels 
immensely threatened by them. 

“I have to do it,” cries Roof as he 
executes the worshippers at the 
church. “You rape our women and 
you’re taking over our country. You 
have to go.” But what Charleston’s 
police chief, mayor and senator don’t 
admit is that Roof’s delusions don’t 
single him out - he’s no outsider 
in the US. He’s one of many. 

“Dylann Roof is the tip of the 
racism iceberg,” says human 
rights activist David Love. 

In reality, so-called ‘white fear’ 

- a belief held by whites about 
a takeover of power by blacks 

- is widespread in America. 



Depending on what poll you believe, 
up to 20 million Americans share this 
paranoid thinking. And this is not just 
in the traditionally racist southern 
states. Even national institutions seem 
to have been infected by the paranoia 
virus. The likelihood of being shot 
by the police if you’re black is seven 
times as high as it is for whites. 

But more blacks are in prison today 
than were slaves in the US back 
in 1850. That’s partly down to 
the fact that even minor offences, 
like shoplifting, can send you to 
the slammer for several years. 

A total of 2.2 million people live in 
America’s prisons. Commentators 
describe the system as the 51 st 
US state. And it has more black 
residents than many other federal 
states [see graphic on page 42-43]. 

What the paranoid whites tend 
to ignore is that only 14% of all 
murder victims are killed by blacks, 
while 83% of whites are killed by 
people of the same colour. 

“The white fear is completely 
irrational - and yet it exists and is 
becoming a driving force for violence 
and hatred,” explains David Love. 

In the meantime, paranoia 
seems to be spreading through 
American society: a fear of black 
people is just one of dozens of 
subforms of personality disorders 
infecting the entire country. 

The fear of falling victim to 
a terrorist attack, the feeling of 
only being safe with a weapon 
on your person, the locking away 
of an entire population, pathological 
paranoia and conspiracy theories, 
systematic espionage - nowhere 
else in the world are these paranoid 
traits as entrenched in a nation’s 
DNA as in the US. 

But where do these fears come 
from? Who is fuelling this paranoia? 

And who is profiting from it? > 







B oth right-wing Republicans as 
well as liberal peace apostles 
are united against Wes Harris. 
The controversial Tea Party 
leader from Phoenix, Arizona, is 
convinced that every Muslim is a 
potential terrorist. And this opinion 
is by no means exclusive - quite 
the opposite. High-ranking American 
church representatives, politicians 
and huge numbers of Tea Party 
supporters and racists support the 
fight against Muslims in the US. 
Radical Christians frequently take 
to the streets to demonstrate against 
their fellow citizens. But this fear 
of Islam can’t be substantiated by 
the facts: in America twice as many 
people have been killed in terror 
attacks by white racists since 9/1 1 as 
have been killed by radical Islamists. 






MarkPotok 



mmi 



"The lone 
wolves have 



Swastikas, forums of hate 
and calls of “Hell Hitler” 

- in the land of unlimited 
possibilities, anything goes. 



NAZI STRONGHOLD U 
The US is the most populag 
hiding place for neo-Nazis 
in the world. Thousands are 
able to live freely there, 
harbouring their ideology. 



I lpansiopeieil 
Inloaeack!" 

riminologist Mark Potok 
m has been observing the 

^ development of the radical 

right scene in America for 
years and warns: “Neo-Nazis are 
quite literally on the hunt.” The 
People’s Front, Aryan Nations 88, 
Knights of the Ku Klux Klan - more 
than 30 Nazi organisations exist in 
the Midwestern US alone. Even the 
Department of Homeland Security 
has noted the trend towards 
right-wing violence. One report said: 
“The economic and political climate 
is fueling the radicalisation of the 
msk scene and driving new recruitment.” 
Rising poverty and unemployment 
in America have created the ideal 
breeding ground for fear and 
paranoia. And Nazi cells in the 
US are capitalising on this feeling 
Hi in order to radicalise gullible 
citizens and teenagers. It’s 
a plan that seems to be working. 



"PARANOIA IS 
THE INABILITY 
TO CORREaiY 
ESTIMATE 
RISKS." 

Daniel Freeman, psychologist 



We can begin to answer these 
questions by looking at the arrest 
of Sami Osmakac in 2012. Although 
Osmakac is heavily armed and wearing 
an explosive belt, a posse of FBI agents 
overpower the 25-year-old as he climbs 
into his car. News reports across 
the country talk about a foiled terror 
attack in Tampa Bay, Florida. “Osmakac 
wanted to shoot as many people in 
the city as possible before blowing 
himself up,” investigators declare. 

The threat of terrorism in their own 
backyard ratchets up the paranoia in 
the collective minds of the population. 

Their fear seems warranted - as 
does the billions of dollars spent on 
intelligence. But what if it was the FBI 
itself that schooled Sami Osmakac in 
terror? What sounds unbelievable 
is in fact a long-established method 
used by the FBI to maintain paranoia 
across the country. 

Journalist Trevor Aaronson found that 
the FBI specifically targeted Osmakac 
as a terrorist. The mentally disturbed 
American had never had any contact 
with a terror cell, nor had he drawn 
up any plans to unleash an atrocity. 

He was talked into carrying out the 
attack by an FBI informant. Surveillance 
camera footage also shows Osmakac 
being provided with weapons and an 
explosive belt by FBI agents. “The 
arrest was completely staged, geared 
towards media coverage. In reality, 
the FBI is the largest educator of 
terrorists in America,” says Aaronson. 

His research revealed that the FBI has 
‘foiled’ 175 terrorist attacks using this 
method since 9/1 1 . There were only six > 







FIRST LINE OF DEFENCE 
In the US hundreds of citizens 
have organised themselves 
into private border protection 
armies to intercept illegal 
Mexican immigrants. 



Harry Hughes, US vigilante 

"irs net 
gelling heller. 

The police 
can ne longer 
nroleclus!" 

H undreds of US citizens are 
patrolling stretches of the 
Mexican border. One of 
the vigilante groups is the 
so-called US Border Guard. Since 
their 'commander’ Jason Todd Ready 
shot himself and his family dead 
three years ago after being plagued 
with depression and paranoia, Harry 
Hughes has been the group’s leader. 
Like thousands of Americans he’s 
convinced that immigrants are 
compromising America’s security. 
Among others they have received 
support from billionaire Republican 
party candidate Donald Trump. During 
his campaign, he said: “Mexico is 
sending us people who are drug 
dealers and rapists.” The climate 
of fear has ensured that the US also 
has the biggest private army in the 
world; 8D million Americans own 
31 D million weapons between them, 
and many billions of rounds of 
ammunition. Even young children 
learn to shoot at gun ranges. 
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YOUNG RECRUITS 
At shooting ranges like 
Knob Creek Gun Range 
in Kentucky, children as m 
young as nine can test - 
high-calibre weapons. 
From the age of 18, these 
recruited offspring are 
allowed to buy their 
own weapons. ^ 



ENEMY IN SIGHT 

From an empty oil tank, Harry Hughes 



controls the border using binoculars. 
Members of the US Border Guard view 
Mexicans as the biggest danger to 



security in the country. 




terrorist plots in the US that the FBI 
was not involved in, including the only 
‘successful’ attack at the Boston 
Marathon in 2013. As a result, the 
population perceives the threat of 
terrorism to be huge and the FBI 
justifies its reason for existing - and 
keeps its multibillion-dollar funding 
from the federal budget. 

But the truth is, in the past 14 years 
26 people in the US have been killed 
by radical Islamists. During the same 
period some 30,000 children and 
teenagers in America have been killed 
by guns. Between 9/1 1 and 2013 the 
US police force has shot more than 
5,000 Americans. Just as many died by 
accidentally firing a shot while handling 
their own weapon. So the likelihood of 
becoming the victim of an Islamist 
terror attack in the US, compared to 
other causes of death unrelated to 
terrorism, is relatively small. 

For psychologist Daniel Freeman this 
contrast between perceived and actual 
threat comes as no surprise. “Paranoia 
is nothing more than the inability to 
estimate risks correctly,” he says. 

"THE WEAPONS 
LOBBY HAS 
A PARANOID. 
DYSTOPIAN 
VISION OF A MORE 
DANGEROUS AND 
VIOLENT AMERICA." 

Michael Bloomberg, former mayor of New York 

On 14th December 2012 Adam 
Lanza, armed with an assault rifle, 
kills 20 children and six teachers at an 
elementary school in Connecticut. The 
message of this rampage: violence can 
strike anyone, at any time. And it’s this 



very feeling that is feeding the paranoia 
in the minds of millions of Americans. 
The National Rifle Association (NRA) 
is keenly aware of this; it’s the most 
powerful weapons lobby in the world. 
Shortly after the killing spree, the 
NRA called for a nationwide arms 
build-up. It sounds like a paradox, 
but it had an effect. In the six months 
after the massacre sales of weapons 
increased by 36%. Statistically, more 
weapons means more massacres 
and murders - something that millions 
of Americans choose to ignore. 

“Facts are not recognised - only 
one’s own perception, which is a 
typical trait in people with a paranoid 
personality disorder,” says Freeman. 

It proves that, alongside the 
intelligence services and the US 
military, the weapons lobby is the 
most powerful driving force behind, 
and the biggest beneficiary of, 
paranoia. “Paranoia is an instrument 
of power that the ruling classes 
use to control the masses,” says 
social scientist Henry Giroux. 

Is there still hope of a cure for the 
paranoid nation? And if so, what 
strategies are best suited to fighting 
the national disease? According to 
Giroux, the most crucial element is 
eliminating the driving forces behind 
the paranoia. “You have to identify 
the people who are spreading panic 
among the American public with their 
exaggerated statements,” he says. 
“Then you need to force them from 
their positions of power.” 

Daniel Freeman also believes that 
individuals can fight their paranoia 
by questioning their own thoughts 
and even testing them out. Where 
do my fears originate? What are they 
based on? Freeman is convinced the 
answers to these questions are the 
best antidote to paranoia. People will 
start to realise that even if they leave 
home without a weapon in the 
morning, they will still come home 
alive in the evening - without being 
blown up by a terrorist. 
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You’re more likely to end up in 
prison in the USA than anywhere 
else in the world. Every ninth 
American ends up in one of the 
more than 5,000 jails at some 
point in their lives. The main 
reason for the extremely high 
rate of imprisonment is the 
three-strikes law. The law states: 
anyone convicted of a minor 
offence like shoplifting, fare- 
dodging or carrying a few grams of 
drugs on their person three times 
must be imprisoned for at least 
five years, and in many cases 
for up to 25 years. In Australia, 
comparable cases would only 
be punished with a fine or 
community service. 



...AND WHY IT \Sm 
ALMOST IMPOSSIBLE 
TO GET OUT AGAIN ■ 



On average an inmate spends 
5.3 years in the 51st state. 
160,000 people will spend the 
rest of their lives here, 3,000 are 
on death row awaiting execution. 
But even those who have 
completed their sentence give up 
some of their civil liberties in the 
long term, irrespective of where 
they end up living. If you’ve ever 
been convicted of an offence in 
the US, you lose your right to 
vote. Ex-prisoners are also not 
allowed to live in social housing. 
As a consequence of this and 
after five years at the very most, 
three in four former prisoners 
have reoffended and are back 
behind bars. There are currently 
five million people on parole 
from the 51st state. 



< 



< 




One in nine 
Americans ends up 
behind bars during 
their lifetime 




No iuture 




Prisoners lose their 
right to vote 



• • • 

IMMf 

Three in four former 
prisoners reoffend in the 
5 years after their release 




5 million 

Americans are 
on parole 
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Behind bars 

Percentage of world 
population that is 
American 






Percentage of world 
prison population that 
is American 



WHERE EVERY FIFTH PRISONER 
IN THE WORLD LIVES 



The numbers are unfathomable: 
although the US makes up only 
5% of the world’s population, 

21% of all prisoners worldwide reside 
in the 51st state of America. With 
2.2 million inmates, America has 
more prisoners than Russia and China 
combined. The reason for the high 
rate of imprisonment? Experts 
believes the growing paranoia in 
the country might be partly to 
blame: “It’s a vicious circle. The 
more crime, the greater the fear 
in the country, and the tougher 
the laws become. As a result more 
and more people are going to prison 
and only becoming real criminals 
once they’re there,” says Professor 
of Criminology Elliott Currie. 



US prisons 



Hourly wage 



Afghanistan 






Nepal 



Mozambique 



Black Stale 

Percentage of US 
prison population 
that is black 



Percentage of US 
population that is black 



WHERE THE HOURLY WAGE IS 
LOWER THAN IN AFGHANISTAN 



The prison industry in the US has, 
in the meantime, become one of 
the most powerful branches of the 
country’s economy. Hundreds of 
thousands of inmates produce goods 
for Starbucks, McDonald’s, Boeing and 
Walmart. The two largest for-profit 
prison companies alone, CCO and GEO, 
make a profit of more than three 
billion dollars every year off this 
forced prison labour - their contracts 
oblige the government to ensure 
that the prison occupancy rate is 
maintained at a level of at least 90%. 
The average wage of a resident of the 
51st state is just 23 cents per hour. 
That’s markedly lower than salaries in 
Afghanistan (50 cents), Mozambique 
(58 cents) and Nepal (41 cents). 



WHERE EVERY SECOND 
RESIDENT IS BLACK 



The percentage of black inmates 
in the 51st state lies at 45%, 
even though on average African- 
Americans make up just 12% of the 
US population. There are currently 
more black prisoners than there 
were slaves in the US in 1850. 

The probability of a young African- 
American entering prison at least 
once in his or her life is 30%. The 
main reason for this is that the 
zero tolerance policy used 
by the police is primarily directed 
at one group in the population. 
Because although the number of 
whites who take drugs is higher 
than blacks, three times as many 
blacks are arrested for drug 
possession than whites, d 



2.2 million 

sit behind baps... 



if you were to add up the surface area of aii 
the prisons in the US, they’d equai the area 
of America’s second smaiiest state. Around 
2.2 miiiion Americans are currentiy behind bars 
- over 1 % of the popuiation, or more than iive in 
the states of Wyoming, Montana and Deiaware 
put together. But how exactiy does the prison 
system work? Why is the secret 51st state so 
fundamentai to the country’s weii-being? And 
what are the chances of its residents iiving 
anywhere eise in the US again? 



...160,000 of ...and 3,002 

whom will be are on 
there for life... death row 





HUMAN BODY 






' How your 
thoughts 
can 
make 
muscles 
grow 



Stress, wear and tear, exhaustion - every second, our body is fighting a battle against 
dangers that threaten to disturb its vital balance. But it’s possible for ANYONE to 
maximise their capacity for self-regeneration - and gain years of extra life 








im’s heart rat© is skyrocketing, 
racing at more than 1 70 beats per 
minute. Every cell Is on high alert. 
The inflammation levels in his blood 
are soaring* his joints are swollen 
and every muscle is tense. Why? 
The 26-year-old has lost more 
than three litres of water in the past 
four and a half hours - the majority 
of his energy reserves as well as 
almost 5% of his total bodyweight. 
It appears he has suddenly 
become so ill he is close to death 
- in the space of a single afternoon. 

But what exactly has happened? 
Tim has run a marathon - and used 
up his body’s last reserves in the 
process. In fact his body now 
needs to collapse before it can 
recover. The young man has only 
just sunk to the ground beyond 
the finish line when one of the 
most fascinating processes 
of life begins: regeneration. 

In actual fact, his circulation 
stabilises within seconds. 

His body’s own emergency 
pharmacy releases vital 
hormones and programs his 
metabolism to high-performance 
mode to aid his recovery. 

It is these very abilities that make 
the human body one of the most 
fascinating areas of research in 



modem medicine - and their 
existence isn’t just confined to 
high performance athletes, 

HOW DOES A HUMAN'S 
REGENERATION 
MACHINE WORK? 

Few people will run a marathon 
during their life. Despite this, 
the body's internal maintenance 
program is always active. And 
there's a very good reason. Deadly 
dangers lurk everywhere outside 
the body. Viruses and bacteria, for 
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"YOU CANT STOP 
THE AGEING 
PROCESS 
ALTOGETHER, 

BUT THERE ARE 
OPPORTUNITIES 
TO SLOW IT 
DOWN^^ 



DR CHRISTOPH BAMBERGER 



Endocrinologist at the Centre for 
Preventative Medicine at the University 
Hospital of Eppendorf in Hamburg 



example, are some of the greatest 
threats. Your front door bell is 
covered in enough disease- 
causing germs to kill thousands 
of people - were it not for our 
body’s immune system. This 
task force destroys invaders 
and produces antibodies. This is 
how the immune system delivers 
a non-stop, 24-hour service. 

Almost all repairs are carried out 
on a running motor, so to speak. 
Organs are replaced over the course 
of years without their function being 
compromised. The constant turnover 
of cells means that humans, from 
a biological viewpoint, are never 
more than ten years old. 

So why doesn’t a 50-year-old 
have the body of a ten-year-old? 
That comes down to the fact that, 
though cell regeneration never 
stops, the amount of cells in our 
bodies decreases with age. Put 
simply, ageing is caused by the 
reduction in the total amount of 
cells in the body. For researchers 
studying regeneration it boils down 
to a simple calculation: slowing this 
reduction of cells could extend 
human life expectancy. 

How long you are likely to live 
is, in any case, not set in stone. 
Today the average life expectancy 
in Australia is 82 years. This means 
that in the space of just 20 
generations human lifespan has 
almost tripled. This is why many 
researchers predict a further 
doubling of our life expectancy 
by the end of this century. As 
the endocrinologist Christoph 
Bamberger explains: “Although 
the ageing process cannot be 
completely stopped, there are 
numerous opportunities to slow it 
down.” But what are they? Over the 
following pages, experts explain 
four different types of regeneration 
and examine the newest discoveries 
for preventing the ageing process... 
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O WHICH FUEL 
DO MY CELL 
MOTORS 
REQUIRE? 



N utrition is the most important 
part of the regeneration 
process. The cost - both 
directly and indirectly - to the 
Australian economy of treating 
diet-related diseases including 
diabetes and heart disease, 
has been estimated at around 
$40 billion. Nutrition is crucial to 
anti-ageing: our menu determines 
how long we take to recover from 
an infection, how quickly we age 
and how healthy we feel. 

“With the right nutrition you can 
gain up to 20 years’ more life,” 
explains nutrition scientist Michael 
Ristow from the Swiss Federal 
Institute of Technology in Zurich. 

But what is the right nutrition? 

There are countless examples of 
foods that activate the body’s self- 
healing mechanisms. Researchers 
at the University of Minnesota have 
proven that eating ten grams of 
fibre a day (three apples) reduces 
the risk of a heart attack by 
14%. Another study showed that 
omega-3 fatty acids in fish delay 
the ageing of blood vessels. 

One of the main enemies of 
our regeneration are free radicals 
- mutated molecules that whip 
through our bodies. They can 
trigger a chemical chain reaction 
that leads to the irreversible 
damage of cells. Free radicals are 
to blame for many serious illnesses 
and are responsible for the most 
common causes of death: heart 
disease, cancer, Alzheimer’s. 

If you want to prolong your life. 



the battle against free radicals 
should be your top priority. 

“Free radicals are thieves looking 
for electrons and will take them 
whenever available, leaving our 
cells vulnerable to problems until 
those electrons are put back,” says 
US dietician Diane Henderiks. “Our 
bodies have a natural ability to 
replace these stolen electrons, but 
we can also get them from the food 
we eat. Antioxidants give electrons 
to free radicals so they don’t have 
to steal them from healthy cells in 



"FREE RADICALS 
LEAVE OUR CELLS 
VULNERABLE TO 
PROBLEMS, 

ANTIOXIDANTS 

FIGHT 

THEM^^ 



DIANE HENDERIKS 



Registered dietician and 
member of the American 
Dietetic Association 

our bodies.” Eating food packed 
with these is a surefire way to halt 
the ageing process; berries, nuts 
and leafy greens are particularly 
high in antioxidants. 




STRESS 




0 HOW DO 

1 TURN MY 
PSYCHE INTO 
A FORTRESS? 



I t is the most underestimated 
factor that affects regeneration: the 
psyche. For a long time medicine 
assumed that our feeling played 
no significant role in the body’s 
regeneration and ageing processes. 
But the opposite is the case. So 
what makes stress so dangerous? 

The answer is allostasis - 
a phenomenon that the US 
researcher Dr Bruce McEwen 
was the first to observe. The term 
denotes the physical process of 
wear and tear. Heightened levels 
of the stress hormone cortisol 
accelerate the process. The 
consequence? Increased ageing of 
the skin, muscles and bone tissue. 
That means that reducing stress is 
one of the most effective anti-ageing 
strategies. But how can you break 
through the stress trap? 

Many people don’t take stress 
as a medical problem seriously. 
“People are hardy, they can deal 
with a few major stress events each 
year,” says Professor Carolyn Aldwin 
from Oregon State University. 

“But our research suggests that 
long-term, even moderate stress 
can have lethal effects.” 

It’s important to maintain social 
connections - they are proven to 
relieve stress and lengthen life by 
several years. Relaxation exercises 
are also useful, including yoga, 

Tai Chi and meditation. These 
strengthen our telomeres - caps at 
the end of each strand of DNA that 
determine the age of a cell - and 
decelerate the ageing process. 






e HOW CAN 
YOU DETOXIFY 
YOUR BRAIN 
OVERNIGHT? 



W hen we don’t get enough 
sleep, the consequences 
to our health can 
be fatal. New research by the 
University of California has shown 
that those who sleep for less 
than six hours per night are four 
times more likely to catch a cold 
than those who sleep 90 minutes 
longer. What’s more, a long-term 
study carried out by the BBC 
- in which a million people 
were asked about their sleeping 
patterns - discovered that: 

People who sleep for six 
hours or less per night have 
a 1 2% h ig her risk of dyjng 
- on overage this equates to 
ten fewer years of life! 

But why is the nightly resting period 
so important for our bodies? When 
we sleep something incredible 
happens in the brain. “A specialised 
network of glands pumps so 
much fluid into the brain that its 
volume almost doubles,” explains 
Professor Maiken Nedergaard from 
the University of Copenhagen. 

The skull would likely burst 
were it not for an ingenious trick: 
“The nerve cells shrink by up 
to 60% during sleep,” adds 
Professor Nedergaard. And that’s 
something that is vital to survival. 

With the help of this irrigation 
process, the body detoxifies the 
brain every night - helping to slow 
or prevent the onset of Alzheimer’s 



and Parkinson’s. In fact this process 
is only one among many. 

When we are awake, the body’s 
maintenance program is on standby. 
But as soon as we fall asleep most 
cells switch to regeneration mode: 
the heart rate decreases, blood 
pressure sinks, the muscles relax. 
Growth hormones are released. 




"A LACK OF 
SLEEP SLOWS 
DOWN 
HEALING AND 

ACCELERATES 
THE AGEING 
PROCESS^^ 



DOCTOR JUERGEN ZULLEY 



Sleep researcher and professor 
of biological psychology at the 
University of Regensburg 

Receptors in the kidneys are 
fuelled by the hormone renin 
at an increased rate so that their 
detoxifying work can occur at 
a faster rate. Damaged cells are 
disposed of via the lymph system. 
These methods allow up to 50 
million cells to be renewed - per 
second. Even the healing of 
wounds and the regeneration 
of the immune system take place 
during periods of deep sleep. 



A 

MOVEMENT 




O IS IT 
POSSIBLE TO 
OUTRUN DEATH? 



E xperts from Iowa State 

University have discovered 
that you can prolong your 
life through movement. It doesn’t 
matter whether you run for ten 
minutes or half an hour - the only 
important thing is that you reach 
a speed of at least 8km/h. The 
reward? Three years of extra life. 

We need to move for a healthy 
metabolism. For example, if you 
move less, you need less sugar 
(glucose) from your blood. That is 
problematic because the pancreas 
increases the production of insulin 
when the glucose level rises. 

The consequence is our cells 
become used to insulin - and 
become resistant, a condition 
that doctors classify as diabetes. 
Moving regularly not only keeps 
glucose levels on an even keel. It 
also increases muscle mass. And 
that, in turn, leads to a markedly 
increased life expectancy. 

An international team of 
researchers found that weak 
muscles increased the risk of dying 
by 50%. Strength is a key factor 
in longevity and is a marker of 
extended healthy life expectancy. 

Two studies recently published 
in the British Medicai Journai 
showed that muscular strength is 
a remarkably accurate predictor of 
mortality — even after adjusting for 
cardiorespiratory fitness and other 
health factors. Those with strong 
muscles were less likely to suffer 
from cancer and heart disease - 
even if they were overweight - and 
from postural defects and falls. 



47 






HOW CAN YOU FIGHT 
IJETLAG? 






STRATEGIES FOR 
SELF-REGENERATION 

What really helps to alleviate a headache? How can 
you grow muscles more quickly? And which music 
strengthens your heart? Experts reveal the best 
tricks for self-healing and explain which strategies 
can help you lengthen your life... 



Even the choice of food on board a long-haul flight 
can influence the circadian rhythms - and therefore 
affect whether or not you get jetlag. Carbohydrate- 
rich meals, for example, will generally increase 
feelings of tiredness. Think about fruit, potatoes, 
pasta or yoghurt. They encourage the natural need 
for sleep. A protein-rich diet on the other hand will 
help suppress tiredness and remain awake for 

longer. So if this suits your circumstances, 
choose meat, cheese, eggs or fish. 



HOW DO 
YOU ERASE 
A TRAUMA? 

Even today some mental health pfofessionals 
recoin mend talking therapy’ and push their patients to 
speak about their traumatic experiences. Recently, however, 
opinion has shifted, with many warning against this method. 
Research by King's College London places a technique known as 
immediate psychotherapy or 'debriefing’ - talk theimpy immediately 
after a traumatic event - high on the list of counter-productive 
treatments for trauma. tmn mctumify mmkm H mam tikmfy 

for the indivkiu^ to §mt poMt-tmumaUe atmas dmordmF ' 

says Peter Fonagy, professor of clinical psychology at UCL. 
Reflecting this new caution, members of the military returning from 
cornbat are now given at least a month to talk to loved ones or 
process their experiences alone before professional help is 
suggested. Anyone dealing with a harrowing experience 
should be allowed to push the ordeal to the back 
their mind. After this phase, which differs in 
length depending on the victim, 
professional talk therapy can 
get underway. 









2 CAN YOU 
PLAY AWAY 
DEPRESSION? 

Although popular with many, 
computer games have a bad 
reputation: they are said to 
promote aggression and ill health. 
But researchers in New Zealand 
proved the opposite - by using 
a fantasy role play game called 
‘SPARX’. The game has been 
proven to cure young people of 
depression - in the virtual world, 
the gamers killed monsters that 
symbolised their negative feelings. 
In a trial of 187 teenagers with 
mild to moderate depression, 

44% Acftisvsd eomptoto 
Two -thirds 
of tho remaining tost 
subjects saw a 
reduction in their 
symptoms of up 
_ to 30%. These 

H digital games 
j are also used 
Y to treat patients 
m suffering from 
anxiety and 
IV asthma. 





A little-know fact is that 
effective teeth cleaning is 
as important for longevity as 
regular exercise - or at least 
that’s the conclusion of a 
study that followed 1 00,000 
participants over a period of 
seven years. Regular visits 
to the hygienist for teeth 
cleaning reduced stroke 
risk by 13%, while the risk 
of a heart attack decreased 
by almost a quarter. The 
reason: the unnoticed but 
progressive inflammation 
of the gums (periodontitis) 
presents a breeding 
ground for germs. And 
these can reach dwtant 
areas of the body via the 
mucosal membranes. 



Micro-inflammation in the gums can release germs 
into the bloodstream permanently. If you have 
severely inflamed gums, you’re not allowed to 
undergo heart surgery as the danger of the heart’s 
blood vessels becoming inflamed is too great. 



Sdoes 

GARLIC 
KEEP MY 
HEART FIT? /i 



Sulphurous compounds 
in the bulb, which are 
responsible for its 
distinctive odour, reduce 
levels of fat in the blood 
and protect the blood vessels 
from narrowing. The hydrogen 

sulphide present In fre^ garlic keeps the arteries elastic and 
encourages blood flow. Circulatory diseases like heart attacks and 
stroke can ba offactivalv prevented as a result. Garlic can also 
reduce recovery time following a cardiac arrest or heart surgery. 





HOW DO YOU 
BRUISE MORE 



HEAL A 
QUICKLY? 



Normally it takes between two and three weeks for a 
bruise to heal completely. But this regeneration time 
can be shortened by applying ice to the bruise as soon 
as the injury is sustained. This knits the vessels 
beneath the skin together, allowing less blood to reach 
the tissue, and thereby reducing inflammation. But 
experts advise cooling the wound for no more than 
five minutes, otherwise the body’s own endogenous 
repair functions are impaired. Avoid movement and 
heat during the first 24 hours. Both stimulate internal 
bleeding. After three days, apply a hot water bottle to 
the affected area - this will aid healing as heat dulls the 
pain and lessens inflammation. Avoid taking aspirin as 
its active ingredient, acetylsalicylic acid, thins the blood 
and will only make the bruise worse. 
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7 HOW LONG 
f DOES IT 
TAKE TOT 
RECOVER 




Hardly any sporting event 
wreaks as much havoc on 
the body as running a 
marathon. If you’re still keen 
to try it, you’ll need to 
schlep your body over a 
distance of 42 kilometres. 

In the process every joint, 
muscle and tendon will be 
under strain during the 
50,000 steps needed to 
complete the race. In 
addition, the body also 
loses minerals and fluids. 

A person can quickly lose 
several kilos of body 
weight over the course 
of a marathon as a result of 
water loss alone. The only 
reason a human can survive 
such an extreme strain is 
the miraculous regenerative 
power of the body. The 
recovery process lasts 
three weeks, during which 
billions of cells are replaced, 
thousands of muscle tears 
repaired and inflamed joints 
and tendons calmed. 




Music is not only good for the psyche - it can 
also reduce the risk of heart attacks. This is 
especially true of classical music. Professor 
Peter Sleight from Oxford University proved 
that music with a repeated ten-second cycle 
has a positive effect on blood pressure. Why? 
Music with this rhythm mimics the rhythm of 
the heart. Arias by Verdi and Beethoven’s 9th 
Symphony work particularly well. 




y 




CAN MY 
THOUGHTS 
MAKE MY 
MUSCLES GROW? 



If a muscle is not regularly moved (for 
example, after an operation), it wastes 
away. But now researchers from Ohio 
University have developed a process 
that allows muscle to be regenerated 
using only the power of thought. 
Physical treatment is not necessary. 
The key: imagination! Imagine 
moving the muscle for fifteen 
minutes a day over a period of 
12 weeks. This will stimulate the 
regions of the brain responsible 
for movement - and the muscle 
will be restored. 






To counteract this process, here 
are 6 REGENERATION STRATEGIES: 

1 Cover your eyes with your hands, 
blocking out as much light as possible. 
Start to imagine a colourful landscape 
for two to three minutes. Repeat this 
exercise one to two times per day. 

2 Choose an object at least six 
metres away from you and explore it 
with your eyes. You can carry out this 
exercise several times a day using 
different objects. 

3 Look at a distant object and then 
alternate your focus by fixing your eyes 
on an object in the foreground. 

Continue switching your gaze between 
the distant and close object. 

4 Close your eyes. Turn your eyeballs 
upwards as if you were looking at the 
ceiling. Hold this position for two breaths, 
breathing deeply and calmly. Then turn 
your eyes downwards. Then do the same 
from left to right and right to left. 

5 Avoid direct light on your screen. 
Reflections on the monitor can 
irritate the eyes. 

P Don’t forget to blink while you work on 
a screen, as the constant ‘staring’ can 
quickly dry out the eyes. Quickly blinking 
will clean and moisten the eyes. 



O Dr Gina Mohammed, 
doctor and plant physiologist: 

Applying peppermint oil to the temples 
can help ease tension headaches 
thanks to its antispasmodic properties. 

O Dr John Briffa, 
specialist in nutrition; 

Migraine sufferers have been found 
to have lower levels of magnesium 
in their bloodstreams. One study 
found that 80% of women treated 
with magnesium experienced an 
improvement in their headaches. 

Green leafy vegetables, nuts and beans 
are good sources of magnesium. 

O Dr Ann Robinson, 
general practitioner 

A tension headache is the variety 
most of us would recognise. It feels 
as if your head is in a vice, with 
pressure on both sides of the skull. 
Paracetamol or ibuprofen may help, 
but the best advice is to move away 
from all screens, get some fresh air, 
have a non-caffeinated drink and shut 
your eyes for a few minutes. 

O Noel Kingsley, 

Alexander technique expert: 

When your posture is off balance, 
your neck is thrown out of alignment 
and blood flow to your brain is 
reduced. To limit headaches, lower 
your shoulders and keep your spine 



0 Dr Sue Lipscombe, 
headache specialist: 

Some people find over- 
the-counter medications 
such as paracetamol 
and ibuprofen helpful. 

For more severe attacks, 
however including migraines, 
triptan is useful. 

O Dr Joseph Blau, 
co-founder of the City of 
London Migraine Clinic: 

Headaches commonly 
occur because of a lack 
of water. Drinking between 
half a litre and a litre of water 
will help to ease the symptoms 
- if dehydration was the 
cause of the pain. 

O Dr Chris van Tulleken, 
clinical research fellow: 

Paracetamol is the drug 
that most people should 
try first. It eases mild to 
moderate pain and can 
also control a fever. It’s very 
effective and side effects are 
rare. However, you must be 
really careful not to exceed the 
recommended dose because 
taking even slightly too much 
can cause potentially fatal liver 
damage. Always read the label 
and follow instructions carefully. 
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A single hectare of forest filters almost 60,000 
kilos of dust and harmful substances from 
the air every year - which makes air quality 
90% better than in a city. In the woods we 
breathe the fresh oxygen that the trees 



produce. So during a woodland walk our 
lung capacity increases, blood pressure 
decreases and the arteries become more 
elastic. Walking in itself also increases 
lung function, regardless of the location. 



CAN TOO MUCH 
SITTING SHORTEN 



MY LIFE? 



What Is more damaging to heaithi sitting for eight hours 
or smoking a packet of cigarettes a day? ITie answer 
surprised even experienced medics. A study by the American 
College of Cardiology found that a sedentary fifestyle is as 
dangerous to health as smoking. ^The ef/ecfs on the heart of 
tong periods of sitting am simitar to those of smoking: ihaVs to 
say, cafasfnop/T/c, " explains cardiotogist David Coven. In 
addition, experts at the University of Regensburg found a shocking 
link between sitting and cancer - especially for bowei, uterine and 
lung cancer. The study showed that the risk of getting cancer 
increased with every hour spent sitting (on a regular basis) 
if you sit for eight hours a day at the office, you have a 40% 
Increased risk of being diagnosed with one of these three 
^ types of cancer. What can you do If you have 

a desk-bound job? Researchers recommend regular 
breaks. Simply getting up briefly every half 
an hour and walking around the office for 
a few minutes can markedly reduce 
the risk of cancer 



Qrj JUST HOW 
DANGEROUS 
IS IT TO BE 
OVERWEIGHT? 

A research group from the 
Centers for Disease Control and 
Prevention in Atlanta conducted 
a meta-analysis of 97 studies 
covering a combined 2.88 million 
test subjects and suggested - 
controversially - that overweight 
people may live longer than those 
with a healthy weight. A fatter 
person has more energy reserves, 
which can be a benefit when 
faced with certain illnesses. 

What’s more, obese people are 
more likely to see a doctor 
regularly. Dr Achim Peters from 
the University of Lubeck and his 
clinical research group also came 
to the conclusion that a few extra 
kilos may be able protect against 
the ill-effects of stress. A little bit 
of extra weight protects the body 
from stress- related conditions 
like atherosclerosis, stroke, 
depression, muscle atrophy and 
osteoporosis. However, Professor 
Sally Davies, the Chief Medical 
Officer for England and Wales, 
advises caution: “I am 
increasingly concerned that 
society may be normalising being 
overweight,” she says. 
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WHAT^S 
THE BEST 
WAY TO 
BEAT A 
HANGOVER? 

Drinking too much alcohol, 
known among doctors as 
alcohol intoxication, makes 
it likely that you’ll wake up 
with a hangover. The reason 
for the resulting headache, 
feelings of dizziness and 
nausea? Dehydration. 

Alcohol is a diuretic, which 
means it removes fluids from 
the body. Lack of fluids is 
what causes many of the 
symptoms of a hangover. 

Most experts recommend 
imbibing plenty of fluids 
in order to refill the body’s 
water reserves. You can 
even weaken the effects of 
tomorrow’s hangover while 
enjoying yourself in the pub. 
How? By drinking one glass 
of water for every alcoholic 
drink consumed. The more 
water the body has available, 
the more widely the alcohol is 
distributed. Eating sardines in 
oil or having a spoonful of fish 
oil before your night out will 
also help. The water-repellent 
fat is distributed between 
the stomach and intestinal 
mucosa which slows down 
the absorption of alcohol. 



To stop the bleeding, the skin 
forms a net made of fibrin (shown 
in white). This is one of the body’s 
natural adhesives. Blood cells 
clump together and gradually 
close the open wound. \ 



In order to close a wound as 
quickly as possible and support 
the body's regeneration process, 
naturai pure honey can be very 
usefui. Applying it to the cut has 
an anti-inflammatory effect and 
encourages the body to shed dead 
tissue faster. Black tea also helps 
to promote rapid healing because 
it contains tannins, which have 
astringent properties. That 
means they are haemostatic a 
(stopping the flow 
of blood within 
vessels) and reduce 
inflammation - so 
they work as well 
as a compress 
on an open 






FASTER? 



HOW DOES 



A WOUND 
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oo HOW DO I STOP 
A WILDFIRE ON 
MY SKIN? 

A sunburn is generally thought of as a first-degree bum 
because only the first layer of skin is injured. To repair IhiA 
cell damage as quickly and effectively as possible, experts 
recommend cooling the skin with cool, damp towels for 
between five and ten minutes. In the hours after the sunburn 
is sustained you should also drink plenty of water to 
compensate for any loss of fluids. An aspirin tablet will 
help to reduce inflammation, but ice cubes or ice packs 
should be avoided. Though they can help soothe some 
initial pain, in the end they will slow the healing process. 

In some cases they can even turn the sunburn into 




a frostbite, which is even more damaging for the bocfy. 




nA HOW DO I REPAIR 
DAMAGE THROUGH 
ANTIBIOTICS? 

Antibiotics are bacteria killers. The 
problem: they kill good as well as 
bad bacteria. Broad-spectrum antibiotics 
in particular work in an indiscriminate 
fashion and can destroy large amounts 
of good bacteria in our intestines. 

This often leads to outbreaks of diarrhoea. 
In the worst case scenario antibiotics 
can lead to inflammation of the intestinal 
mucosa. Re-populating the intestinal 
flora vital to our everyday wellbeing 
can be achieved through: 

1 . Removing toxic substances and 
deposits from the intestine. Ingesting 
bentonite (mineral soil) and psyllium 
husks will help this process. 

2. Eating fresh vegetables, leafy green 
salads and dried fruits, alongside 
fermented foodstuffs and probiotics. 
Following these tips should see the 
intestinal flora recovering within a few 
weeks of the antibiotic treatment. Without 
supporting the intestine, this regeneration 
process could take up to twelve months. 




HOW DO I WIN THE FIGHT 
AGAINST THE RAVAGES OF STRESS? 

As doctors believe stress is a cause of many illnesses, the 
research into anti-stress tools has been stepped up. The 
results have been astonishing: the most effective exercises 
offering long-term benefits are also the easiest ones. 



EXERCISE 1 



Q Practise chewing movements. Move 
your Jaw back and forth and to the ieft and the right, 
whiie gentiy massaging it with your fingertips. Your 
stress ieveis wiii sink within seconds. 



dose your eyes, breathe in deepiy and 
count to five before you exhaie. This has an immediate 
reiaxing effect. Siow breathing cairns the mind. 

Piace a hand on your forehead, iay the 
other one on the back of your head at eye height. Leave 
them there for at ieast 30 seconds. Firmiy hoiding the 
head heips to reduce stress ieveis. 

mm Decide on a short route - for exampie, 
the waik to your bus stop - and concentrate on every step 
and movement of your feet: Lifting up, moving forwards, 
shifting your weight. You wiii immediateiy feei caimer. 

Eat dark chocoiate (at ieast 65% 
cocoa soiids). It contains flavonoids and these reduce 
the reiease of the stress hormone cortisoi. It’s for this 
reason that chocoiate is a genuine stress kiiier. 



PHOTOS: Fotolia; Ullstein; Corbis (6); Getty Images; Agentur Focus; Fotolia (4); Alamy; SPL/Agentur Focus; PR (2) 
ILLUSTRATION: Smetek/Huber; Tim Wehrmann/GEO Korn pa kt/ Picture Press; Corbis; Fotolia (4) 






HOW OLD IS MY 
BODY REALLY? 



The regeneration machine inside us faces a major chaiienge every 
day: our body is dependent on the compiex interpiay of aii its 
parts for survivai - for that reason most of its functions cannot be 
stopped even for a second. At the same time the cells of the 
corresponding organs and body parts are in a constant state of 




asleep a 

detoxifi cation process gets goio£ 
in the brain. Neirrons and glia 
cells are renanrsd. A lack of 
L sleep Isadste cell j 
deterinratinn. 



In the stamadi it's not just nirtrien^ 
that are being pre-digested. infections 
are also fought there. Gastric acid has an 
eirtremety high pH value - an enviromnent 
In which hardhf any pathogen can survive. 

The stomach is being constantly 
renewed - the pyloric orifice is 
^ renewed 200 times a year. A 



The lungs are an organ that we simply 
cannot live without. On average we till 
them with fi ve te six litres of air 1 5 times 
per minute. The lungs themselves 
are renewed once every nine years - 
other breathing organs, like the 
L trachea, are renewed about a 
eight times a year Jk 



Toxic substances reach the bladder 
via the kidneys - a type of bodily depot 
for leftover waste. The cells ef the 
urinary bladder are constantly 
being renewed so that they are 
^ replaced by a new bladder six a 
Sl times every year. 



No breaks; in the daytime the liver 
recycles and stores nutrients, while 
also producing vital proteins and 
defence substances. At night It 
recovers - by dotoxifying itseff. 

At the same time it is being 
constantly renewed; up to 
Ik 1 B times per year. ^ 



The skin protects us from the sun's 
deadly rays every day and also blocks 
the entry of iHn ess-inducing 
pathogens. While it does so it is 
being constantly renewed. After 
L 2B days all skin cells have a 
been freshly replaced, 



renewal. This is why most of the body’s repair processes have to 
take place while our engines are running, w 





A THE BUILD IN ACTION! 

r Use the free viewa app and scan 
_ this page to watch the Triple-E 
^ class being constructed. And more! 














^ At 400-metres long and as wide as an eight-lane freeway, 

the Triple-E class is one of the world’s biggest ships. It’s so vast, 
— a single freighter can carry 18 million flat-screen TVs. Discover how you turn 
50,000 tons of steel into a seafaring giant that seems to defy the laws of physics... 
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he giants’ birthplace is huge. 

So vast it can be seen from space. 
The No 5 Royal Dock - part of the 
4.3-million square-metre site at 
the Daewoo Shipbuilding & Marine 
Engineering (DSME) shipyard - 
is the size of five football pitches. 
With some help from a massive 
100-metre crane, 46,000 workers 
on the South Korean island of Geoje 
spend months piecing together the 
world’s largest jigsaw: the new 
Triple-E class from the Maersk 
shipping company. A seafaring 
wonder of the world made from 
50,000 tons of steel. 

THE 400-METRE PUZZLE 

2nd July 201 3 marked the beginning 
of a new era for container shipping. 
That was the day the first Triple-E 
class ship left the No 5 Royal Dock: 
the Maersk McKinney Moller 
measures just under 400 metres 
long and 60 metres wide. The ship 
can carry 18,270 containers on 
22 different levels - 2,200 more 
than the previous record holder. 

If you wanted to shift that number 
of containers by rail, you’d need 
a goods train 110 kilometres long. 

Today, the Geoje-based workforce 
has put together 19 more Triple-E 
puzzles from millions of steel 
pieces. A further 1 1 mega-ships 








I] . 1 






■ 


oil 



are due to launch by 201 7, each 
costing $270 million. 

These seafaring behemoths 
can be seen cruising between 
Asia and Europe, but they are 
absent from American waters 
because there is simply no US 
port large enough to accommodate 



the new mega-freighters. The 
Triple-E ships are now a common 
sight in the UK’s Felixstowe, 

The Netherlands’ Rotterdam 
and Germany’s Wilhemshaven. 

Their cargo includes thousands of 
tons of food and clothing, household 
appliances and cars. The Maersk 



* Triple-E: designed for Efficiency, Economy of scale and Environmentally improved 






70-TON PROPELLER 

The Triple-E’s two propellers are 
nearly ten metres in diameter and 
weigh an astonishing 70 tons apiece. 




McKinney Mclier alone can 
transport more than 180 million 
tablets or 36,000 cars in a single 
shipment - a scale that wasn’t 
even in the realm of possibility 
just a short time ago. 

In the 1 990s the most any 
freighter could carry was 6,000 



containers. But then, in 2005, 
the classification society DNV 
GL collaborated with a Korean 
shipyard to develop the ‘two-island’ 
concept, a design that brought the 
deckhouse and navigation bridge 
forward and moved the engine room 
and funnel as close to the stern as 



possible. That increased capacity to 
12,500 containers, a threshold most 
thought was impossible to exceed. 

The reason: every additional 
metre of length adds a vast amount 
of additional tonnage. Such massive 
vessels were likely to collapse under 
their own weight, especially when > 
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seas were rough. The deeper 
draught would also make the 
mega-ships too big for any port. 

So how did the engineers working 
on the Triple-E class manage to 
overcome these construction 
obstacles? And how big is too big? 

Each Triple-E class ship is made 
up of 24 gigantic blocks. These are 
lifted into position in the dry dock 
in Geoje and then joined together. 
Thanks to the ship’s special 
U-shape, there’s room for as many 
as 24 rows of containers below 
deck. And that distinctive bulbous 
bow is also what keeps the draught 
on par with previous vessel classes, 
despite its additional load. 

To make sure these behemoths 
don’t break apart in rough seas, 
they are constructed with high-tech 
steel that is flexible but still 
extremely robust. The steel plates, 
which are up to ten centimetres 
thick, can withstand a pressure of 
390 newtons per square millimetre. 

And the yield strength of the steel 
enables the entire ship structure 
to bend by up to one metre in dock 
and up to two metres at sea. 

What’s more, a mega-ship this 
length doesn’t have to rise and fall 
with every wave. “The ship’s size 
is its best defence,” says Captain 
David Johnstone, although even he 
has to admit that a braking distance 
of 6.4km and an almost 400-metre 
blind spot represent a challenge. 

All of the Triple-Es built to date 
have two engines instead of one, 
with both being the size of a small 
house. Each of these 43,000- 
horsepower motors drives an 
enormous propeller. And although 
the propeller diameter is not much 
bigger than that of previous models, 
the combined blade area for both 
propellers is almost double the size. 

Overall, the Triple-E’s twin-engine, 
twin-screw design uses up to 
35% less fuel than the vessels 
from Maersk’s Emma class. That’s 
a massive saving, particularly when 
you consider that it can cost as 
much as $13 million to fill up the 



THE ANATOMY || 
OF A BEHEMOTH 



Danish shipbuilders Maersk 
have 20 Triple-E class 
vessels in their fleet. The ships have 
a maximum length of 400 metres and 
can carry 18,000 standard containers 
known as ‘twenty-foot equivalent 
units’ or TEU. It takes about five hours 
to design the optimal stowage plan 
for the ships, with contents and 
weight being the key factors in 
deciding where to put the containers. 
Once the plan is complete, loaders 



begin the massive Tetris game of 
positioning the individual containers. 
This can take several days depending 
on how many are on- and off-loaded 
at any particular port. All 20 Triple-Es 
were built at the Daewoo Shipbuilding 
& Marine Engineering Company 
shipyard in the Korean city of Okpo. 
Eleven more are under construction 
in the yard’s dry docks - all due to 
launch in the next few years. The 
cost? $270 million per ship. 




6.1 m 



MAERSK 



BOXES FOR THE 
GLOBAL ECONOMY 

A single TEU container can hold 
6,000 pairs of shoes. Triple-Es 
can transport up to 18,000 of 
these containers. 
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tank - and that the total volume 
of globally traded goods is set 
to quadruple by the year 2050. 

Other shipyards have seen these 
projections and have started 
developing their own mega-ships. 
One of these is the MSC Oscar, 
a container ship launched a few 
months ago. The Oscar is five 
metres shorter than the Triple-E but 
can carry 900 more containers. This 
gives it a TEU capacity of 1 9,224 
containers - a world record. Early 
August saw the launch of the MSC 
Oscar’s sister vessel, the MSC Zee. 
And the newest giant container ship 
from China Shipping Container 



Lines has room for more than 
19,000 TEU at full capacity. 

According to Jan-Olaf Probst 
of DNV GL Maritime, we still 
haven’t reached the limit of what 
is technically feasible: “If you can 
keep increasing the length, width 
and height of these ships and still 
maintain stability, capacities of 
up to 24,000 TEU are achievable.” 

That would equate to 23,942 more 
containers than the world record set 
in 1956 by the shipping magnate 
Malcolm McLean, who sent the first 
58 1 1 -metre containers by water 
from Newark to Houston. Sea 
freight come a long, long way. 



PHOTOS: Alastair Philip Wiper/WIRED/The Conde Nast Publications Ltd. (3) 
ILLUSTRATION: Maersk; PR 






THREE GRAMS PER KILOMETRE 

The diagram below shows the CO 2 emitted by 
transporting one ton of goods over a distance 
of one kilometre. According to these statistics, 
air freight has the biggest carbon footprint in 
the transport industry, followed by trucks and 
rail. Triple-Es produce only three grams of CO 2 
emissions per ton-kilometre. 



Wilhelmshaven 



Rotterdam 

Felixstowe 



Shanghai 



AIR FREIGHT 



TRUCKS 



10,000KM IN 25 DAYS 

A trip from China through the Suez 
Canal to the European mainland 
takes a Triple-E around 25 days. 



NAVIGATION 
BRIDGE ““ 



RAIL TRIPLE-E CLASS 3g 

18g 




Thanks to the hull’s special U-shape, the new Triple-E class 
ships can transport 16% more cargo than previous models. 
That’s an additional 2,200 containers. 



Despite its huge size, each Triple-E sails with only around 20 crew members. 
Almost all of the ship’s technology is computer-operated. Experts are convinced 
that we will see the first crewless container ships within the next 30 years. 
They’ll navigate the world’s oceans using autopilot. 



HOW TRIPLE-E SHIPS COMPARE BY SIZE llllllllllllllllllillllllllllllllllllllllllllllllMIMMlimi 

TRIPLE-E CLASS Length: 400m cruise ship ALLURE OF THE SEAS Length: 360m 




ORE CARRIER MS ORE BRASIL Length: 362m aircraft carrier USS ENTERPRISE Length: 341m 



AIRBUS A380 

Length: 73m 
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ambitious goal: in ten years the ISS 
will be superseded by an IMS - an 
International Moon Station. There 
are already detailed models for 



a base camp on Earth’s satellite. 







iviASA has spent two decades 
searching for Earth-like planets 
light years from our home. But 
amazingly, some of the 182 
moons in our solar system may 
offer better conditions for life 







he small dot, around 630 million 
kilometres away from Earth, has 
still not been properly researched. 
But the evidence is exciting. 

Clay minerals, fountains of water 
vapour and a liquid ocean at 
a depth of 1 00 kilometres - twice 
the size of all the oceans on Earth 
combined - are a massive tease. 
The celestial body called Europa 
possesses the crucial building 
blocks for life and, unlike the 
exoplanets that lie outside of our 
solar system, it’s sitting just a 
cosmic stone’s throw away from us. 

ARE MOONS BETTER 
THAN PLANETS? 

The astonishing thing is Europa 
is definitely not a planet - but 
a supposedly dead moon orbiting 
the gas giant Jupiter. And its fellow 
moons Gannymede, Titan and 
Enceladus are also promising 
prospects in the ongoing search 
for new living spaces in our solar 
system - and fresh candidates 
are being discovered on a regular 
basis. The discovery is not only 
a milestone in space research 
- it could also be the starting gun 
for the most adventurous journey 
in the history of mankind. 




lAPETUS, 

SATURN'S MOON 



GANNYMEDE,! 

JUPITER'S MOON 



P ice giant is 
hicrorpr thpn 



w bigger than 
Mercury, has its own 
magnetic field and 
possesses one of 
the biggest water 
'V resources in the 
entire solar system. 



TRITON, 

NEPTUNE'S MOON 



THE PICTIONARY OF MOONS 

FROM CHARON 
TO TITANIA 

■ Nearly 200 moons make up our solar system, 
with Jupiter alone having 67. Many of them 
seem to fulfil the basic conditions for life - and 
the list is constantly growing... 



EARTH 



Without our Moon a day on • 
Earth would only last for 
eight hours. Hurricanes 
reaching speeds of 560km/h 
would rage above our planet. 
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TETHYS, 

SATURN'S MOON 



MIMAS, 

SATURN'S 

MOON 



ENCELADUS, 

SATURN'S MOON 

Enceladus has 
springs that 
produce 90°C 
water - and 
contain some 
of the most 



lO, JUPITER'S MOON 

Up to 400 active 
voicanoes bubble on lo 
- a record in our solar 
system. The reason: a 
gigantic ocean of magma. 



OBERON 

URANUS' 

MOON 



WHAT ARE OUR SOLAR 
SYSTEM'S MOONS 
MADE FROM? 

■ Though their construction cannot be 
determined exactly, plenty is known 
about the composition of the surface 
and the internal lives of the moons. 

From 2022 the ESA probe Juice 
(Jupiter Icy Moons Explorer) will 
research living conditions on Jupiter’s 
moons lo, Gannymede, Callisto and 
Europa - at a cost of $500 million. 

Metallic core 
of iron or 
nickel 

56-km-thick 
layer of 
magma 

Siliceous 
rock 





Saltwater 

ocean 
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Iron core 
Rock 
Ice layer 

Underground 
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EUROPA 



Core of 
siliceous 
rock and ice 



Ice layer 




CHARON, 

PLUTO'S MOON 



CALLISTO 





Thanks to NASA’s deep pockets, 
these mysterious satellites are 
becoming the main focus for 
researchers: “For many years 
NASA has been handing out 
billions of dollars to study the 
planets in our solar system,” says 
astrophysicist Rene Heller from 
Ontario University. “But Mars is 
and will remain dead, that’s shown 
by every new Rover landing.” 

Meanwhile, in other solar 
systems, new Earths, known 
as exoplanets, have long been 
searched for - the Kepler 
space telescope alone has 
found more than 4,500 in six 
years. The problem: most of 
them are inhospitable gas giants 
like Jupiter and Saturn - without 
a solid surface. 

In addition, they mostly rotate 
around their suns too quickly, 
so that one side experiences an 
eternal day and the other side lives 
in permanent darkness. And, due 
to the extreme fluctuations in 
temperature, monster hurricanes 
sweep across their surfaces. 

That’s all very different 
when compared to the 182 moons 
in our solar system 
(and counting, 
since new ones 
are constantly 
being discovered). 

Their unbeatable 
advantage is that 
alongside the 
Sun, they possess 
a second external 
light and energy 
source right on the 
horizon: their 

mother planets. These radiate solar 
energy back at the moons and can 
warm them indirectly. Enceladus, 
Europa and Gannymede revolve 
around their planets in elliptical 
orbit, kneaded by the fluctuations 
of gravity in the process. As a 
result of tidal friction, the oceans 
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A SIGN OF LIFE? 



■ In a few years the NASA probe Europa Clipper will make its way to Jupiter’s 
moon of the same name. The probe wiii search for extraterrestriai iife by 
making 48 fiy-bys. Under the icy surface there is thought to be an ocean of 
water, which researchers believe is evidence for conditions hospitable to life. 



ff 

We want to construct 

a permanent 



are kept warm - like a natural 
heating plant powered by gravity. 

In contrast to the impressive 
ice worlds and subterranean 

oceans offered 



lunar base 
on the Moon 
for research 
purposes. 



Johonn-Dietrich Woerner, 

ESA Director 



beneath their thick layers of ice 



by Gannymede, 
Europa and co, our 
Moon looks rather 
unspectacular. 

But it contains 
a great deal of 
potential too - the 
head of the ESA, 
Johann-Dietrich 
Woerner, would 
like to make use of 
it as quickly as 

possible for the future of mankind. 

Though it is not suited to being 
a permanent home for life, it is 
ideal as a first step and a stop 
en route. The distance to Mars 
is 225,000,000 kilometres - 
almost 600 times further than 
to the Moon. But it takes more 



than it does for the entire remainder 
of the journey to Mars. 



WILL A MOON BASE 
SOON REPLACE THE ISS? 



Johann Dietrich Woerner is 
pursuing an ambitious plan: when 
the ISS burns up over the Earth in 
around ten years, a new permanent 
research base will be set up - on 
the Moon. “In the Moon village, 
people from nations around the 
world could carry out research 
together,” says Woerner. 

The former civil engineer even 
knows the ideal location for the 
base: the far side of the Moon. 

“The conditions there are best for 
research work. We can set up 



ESA DIRECTOR 



fuel to get from Earth into space 



Johann-Dietrich Woerner 
Woerner, 61, has been head of 
the European Space Agency since 
July. His dream: a permanent 
settlement on the Moon. 
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NASA began developing plans 
for systematic mining on the Moon 
with private firms some time ago. 

“Think of the Moon as the 
Earth’s eighth continent. It holds 
tremendous resources that can 
secure the future of mankind,” 
says Naveen Jain from US 
company Moon Express. Together 
with NASA the firm has developed 
robot space vehicles to use for 
mining raw materials on the Moon. 



telescopes to get a much better, 
undisturbed view into space than 
we have ever had.” 

But that’s not all. The Moon 
could also turn out 
to be an important 
supplier of raw 
materials that 
do not exist on 
Earth. Alongside 
platinum, titanium 
and Helium 3 - 
a gas seen as an 
energy source of 
the future - there 
are thought to be 
600 million tons 
of water ice at the 
lunar North Pole 
alone. The hydrogen contained 
inside could be used as rocket fuel. 

The advantage: the Moon 
possesses only a sixth of the 
Earth’s gravity - meaning the water 
ice could be easier and cheaper to 
remove. It’s no surprise then that 



f* 

Think of the Moon as 
the Earth's eighth 
continent. It holds 
tremendous resources 
that can secure 
the future of 
mankind. 

Naveen Jain, 

Moon Express 
founder 



HOW DO YOU TAKE A 
VILLAGE TO THE MOON? 

For Woerner’s vision of the Moon 
Village to become reality, the 
building materials and food must 
first be transported to the Moon 
- 385,000 kilometres away. 

Researchers want to produce 
the base from Moon rock using 3D 
printing techniques. Together with 
British architects they have already 
succeeded in developing a dome 
with walls that are able to fend 
off mini meteorites and space 
radiation. The living area must 
also be able to withstand extreme 
temperature fluctuations of minus 
150 to plus 130 degrees Celsius. 

“Later it would 
be possible to 
produce water 
from the existing 
hydrogen. Crops 
could be grown 
in greenhouses,” 
says Woerner. 

The plans are 
being supported 
by a recent 
NASA-financed 
US study. It states: 
“In the next five 
years NASA could 
fly humans to the Moon and in a 
maximum of ten to 12 years could 
build a permanent station there.” 
Estimates put the cost at around 
$10 billion. Woerner is convinced 
that it is an investment that would 
be paid off in just a few years. For 



example, if you view the Moon 
Village as a kind of dry run for 
future missions, it will offer a test of 
how to survive with the resources 
available in an inhospitable world. 
The Moon would be the perfect 
springboard on the way to Mars - 
or even to one of the other moons 
in our solar system. 
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Rene Heller 
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The researcher uses a 


i 


computer to simulate the 


1 


conditions under which 




lunar life would be possible. 





The launch of the most expensive 
project to search for new habitats 
beyond Earth is scheduled to begin 
by 2024. It’s then that a new ESA 
satellite telescope, named PLATO, 
will be shot into space by a 
Russian Soyuz rocket in order to 
sniff out thousands of new planets. 

It differs from normal telescopes 
in being composed of 34 small 
telescopes and cameras instead 
of a single one. For years existing 
telescopes have been searching 
the universe for exoplanets. 

But unlike its predecessors, 

PLATO can simultaneously measure 
the exact radius, density and mass 
of an exoplanet, draw conclusions 
about the composition of the 
atmosphere and therefore reliably 
distinguish light gas giants from 
heavy rocky planets - where life 
might develop - for the first time. 

Rene Heller is convinced that 
not only are there new super-Earths 
out there, but that in many cases 
hybrid celestial bodies orbit around 
them - i.e. moons with planetary 
qualities. And researchers now 
believe better living conditions 
could prevail on these moons than 
on our own home planet. For Heller, 
the question is no longer if they will 
be found, but when: “The discovery 
of the first such exomoon could 
happen at any time,” he says. □ 
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MAN 







HUNTER. 



You should expect no mercy 



Pete Bethune is one of the most radical 
animal activists on the planet. Accompanied 
by a team of elite soldiers, he hunts down 
poachers and illegal fishermen 
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^ MANHUNTERVSLENO! 

^ Use the free viewa app and scan 
this page to see Pete interviewed 
^ on The Jay Lena Show. And more! 



PETE BETHUNE 



BORN: 

NATIONALITY: 

RANK: 

MISSION: 



4th April 1965 
New Zealander 
Commander 
Recruitment and 
ieadership of a unit 
of eiite soidiers in 
order to combat 
environmentai crimes 
The western Phiiippine 
isiand of Paiawan ^ 
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hat does it take to be a good 
environmental activist? Courage, 
perseverance, loyalty? For Pete 
Bethune that’s not nearly enough. 
The New Zealander needs snipers 
and experts in close quarters 
combat. The Kiwi doesn’t want 
to rely on the idealism of activists, 
but rather the experience of 
Marines and Navy SEALs. He 
wants surveillance and diving 
specialists, pilots and paratroopers. 

Because Pete Bethune doesn’t 
just want to protest against poachers 
and illegal fishermen, he wants to 
go further. Much further. “I want 
to start a war against them - and 
for a war you need soldiers.” 



Since 201 1 Bethune and his 
commando unit have been risking 
their lives hunting down the most 
brutal environmental criminals. Two 
years ago, Bethune sneaked into an 
active diamond mine in Namibia to 
film the barbaric clubbing of seal 
cubs on the neighbouring beach. 

The coat of the young seals is 
particularly valuable. Being discovered 
would have meant certain death. 

“Pete is the toughest guy in the 
world,” says a paratrooper member of 
his team. “He’s swum through shark- 
infested waters, he almost drowned 
once, and he’s been shot at four times 
- and he never bats an eyelid. But 
when he saw the way these seals were 
being rounded up and bludgeoned to 
death... well, he broke down in tears.” 

It’s this compassion that led 
to Bethune quitting his job as an 
engineer in 2009 to dedicate himself 
to protecting the environment. He 
founded Earthrace Conservation with 
one simple aim: “I want to make the 




"HE'S THE 
TOUGHEST 
GUY IN 
THE 

WORLD" 

world a better place!” To achieve 
this, he and his team train every 
day in their HQ, hidden away on the 
island of Palawan in the Philippines. 
They practise surveillance using 
drones, tackling armed smugglers 
and boarding ships. They must 
be prepared for anything, as their 
opponents have no scruples. And 
for that reason one rule applies above 
all others: ‘Show no mercy!’ Ui 



PHOTOS: Jonas Bendiksen/Magnum/Agentur Focus (2) 




PREPARED FOR 
EVERYTHING 
Pete Bethune 
storms a ship, 
making sure the 
crew is quickly^ 
disarmed to^i^ 
minimise the 
risks to his 
own team. 




SECONDS 
EXPOSURE TIME 



It normally takes our brain 
just a tenth of a second to 
scan an unfamiliar face, 
make all sorts of judgements 
about its owner's character, 
and then look away again. 

But in the case of Laura 
Williams from Cambridge, 
our gaze remains fixed. 

That's because the cleverly 
positioned mirror makes her 
body appear invisible. Only 
three sorts of impression can 
'stop' our brain like this: 
things that are unexpected 
(like Laura's 'see-through' 
body), or things that induce 
feelings of fear or desire. 
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HUMAN BODY 




Fact: the brain fabricates things that 
don't actually exist. Illusions in our 

heads become our reality - sometimes 



with devastating consequences... 



CAN YOU TALK GIBBERISH? 

Telling lies - you’re likely to have understood this sentence straight 
away. Our brain replaces the meaningless sequence of letters with the 
right ones automatically - even though it’s not what’s written there. 
A study by Cambridge University found that it doesn’t matter which 
order the letters are in as long as the first and last letters are correct. 
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ILLUSION MACHINE: THE BRAIN 

The 5 errors of perception 



though five sets of scales would give the exact same figure. 
That’s because the brain doesn’t interpret information as 
precisely as a measuring instrument, but filters data 
according to individual bias. The brain is most likely to 
misinterpret information fed to it by the eyes - it analyses 
what we see instantly, leaving no time for rational thinking. 



The brain is an impressive construction: weighing 
just 1.3kg, it contains 100 billion nerve cells and 
160,000km of neural pathways. We use it to interpret 
reality - though each of us makes sense of the world 
differently. Five people asked to guess the weight of a bag 
of sugar would likely give wildly differing estimates, even 



COLOUR ILLUSION - 



The colour yellow is an illusion: our 
eyes only have receptors for red, 
green and blue. When something 
appears yellow to us, the cones 
that react to light in the red and 
green spectrum fire and the 
brain perceives yellow behind the 
stimulus. Most other mammals only 
see in monochrome, but some 
crabs have six kinds of cone cell 
- their world would appear 
unimaginably colourful to us. 



DATA LOSS ....... 

It doesn’t matter whether you’re 
engaging in small talk on the 
street or sharing something on 
social media, emotions always 
triumph over facts. The 
hippocampus, the area of the 
brain responsible for memory and 
emotion, places more emphasis 
on things that move us. For 84% 
of Facebook users, feelings not 
facts are the main reason they 
share something. This brain bias 
is also the reason why advertising 
most often appeals to our 
emotions rather than our intellect. 



SMILEY - 

DECEPTION 

Flumans can see faces and 
patterns that don’t actually exist 
almost everywhere, even in things 
like food, clouds and red wine 
stains. It’s all down to our fusiform 
gyrus - without it we wouldn’t 
even be able to recognise 
ourselves in the mirror. That’s 
why rocks or plants can suddenly 
appear personable to us - simply 
because they appear to be smiling. 




PRIORITIES TRAP 

Sensory stimuli are not all made equal 
because memorising an act or story in 
precise detail is almost impossible for 
us. Our perception reacts according to 
certain guidelines - loud before quiet, 
fast before slow, big before small. We 
are only able to fight against this by 
concentrating very hard and giving our 
attention to the 'unprioritised’ details. 
Magicians use this to dupe us. 




NIGHT FICTION 

Around 50% of people claim 
they can see their hands moving 
in front of their face even in total 
darkness - although that is 
physically impossible. Even 
without light the visual cortex 
continues to work, taking care 
to incorporate other signals like 
sounds, smells and expectations. 
That’s why we 'see’ things in 
twilight forests or gloomy cellars 
that are not actually there. 




hortly after nnidnight on 19th July 
201 5, the sound of screeching 
engines and a loud crash shatter 
the silence in a town outside the 
German city of Bremen. 

A fatal traffic accident is 
about to dominate news 
bulletins in the country. 

Two cars are hurtling down 
the road at lOOkm/h, next 
to one another, blocking 
both lanes as a result. 

What follows is carnage. 

According to several 
eyewitnesses who later 
described the scene to 
police, an oncoming Mercedes 
barely had time to flash its lights 
before its driver was forced to 
swerve off the road. The car hit a 
tree and then crashed headlong into 
a lamppost. Its 52-year-old driver 
was killed instantly, supposedly 
the victim of an illegal car race. 

The problem: none of the events 
happened in the way described 
above. Roadside cameras 
revealed that there were no risky 
manoeuvres. Instead, the driver of 
the Mercedes was found to have a 
blood alcohol level almost twice the 
legal limit, making her unfit to drive. 

But by the time this report 
reached the news wires, an 
online witch hunt was already well 
underway. The drivers of the other 
two cars were branded ‘murderers’. 
The country’s attitude to cars came 



under scrutiny, in particular its 
notorious laws that allow drivers to 
drive as fast as they like on certain 
sections of motorway. Politicians 
were fiercely criticised. People 
connected to the car-tuning scene 
found their names being circulated 
on anonymous forums. 

For four days a virtual war raged, 
all sparked by false memories. But 
how can a falsehood become the 
truth in the minds of the witnesses? 

HOW DOES THE BRAIN 
CONQUER THE EYES? 

There are three factors that 
transformed a tragic accident 
into a fatal road race that night. 
Factor 1: The accident took place 
on a warm summer’s night, meaning 



many local residents were still 
sitting outside. The stillness of the 
night served to amplify the sound 
of the cars’ engines - an important 
point according to psychologist 
Jorg Hupfeld: “The louder a vehicle 
is, the higher we estimate its 
speed to be,” he says. 

Factor 2: The immediate focus of 
the eyewitnesses was only directed 
on the wreckage at the scene. 

Other details (such as whether 
or not the two vehicles sped away 
from the scene) became hazy. 

Factor 3: At the time of the 
accident, illegal car racing was big 
news in Germany, garnering a lot 
of media coverage. It offered 
a convenient explanation. Local 
residents had also long complained 
about drivers ignoring speed limits 
and using the road as a racetrack. > 




"A lot of things actually 
influence our memory. 
Many outside influences 
can come in and really 
create a problem." 

JENNIFER DYSART, Professor of Psychology 
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“Using the information available 
we construct the most feasible 
story and, if it makes sense, we 
believe it,” explains Nobel Prize- 
winning psychologist Daniel 
Kahneman. “Paradoxically, the 
construction is actually easier the 
less information you have.” That’s 
how a ‘memory’ of a road race that 
never took place was born. 

In this case, however, CCTV was 
quickly able to expose the lie. But 
what if there’s no video footage? 
Studies suggest more than half of 
all miscarriages of justice occur as 
a result of false eyewitness reports 
- from people who were there and 
are simply repeating what they 
allegedly saw. “The witnesses 
don’t lie though,” explains US legal 
psychologist Jennifer Dysart. “The 
error is in their image of reality.” 

Studies show that people start to 
confuse the details of an event just 
30 minutes after it happens. It’s 
similar to when you dream: the fine 
details are clear when you wake up, 
but become more and more hazy 
as the morning wears on. The brain 
fills the resulting ‘blank spots’ with 
information that fits the story - so 
that we immediately expand the 
sequence 1,2,3 and 5 by adding 
a 4. As far as the eye witnesses 
in Bremen were concerned: 
darkness + the sound of an 
accident + a constricted view + 
hatred of racers = car racing. 

“Our perception is driven 
by subconscious hopes and 
expectations. We mostly only 
see what we want to,” explains 
psychologist Emily Balcetis from 
New York University. So when 
police eventually questioned the 
witnesses, the ‘fitting’ truth had 
already taken root in their minds. 

For criminologists these kinds of 
‘imaginary’ realities are no surprise. 
They’re happening even while 
you’re reading this article, albeit 
on a smaller scale: because roughly 
every three seconds, when you 
blink, you are effectively blind for 



150 milliseconds. It’s only when 
you concentrate on something 
that you’ll notice the brief 
interruption. Normally the visual 
film doesn’t jerk at all because 
our brain substitutes the moment 
of blindness with an appropriate 
sequence from our memory. 

The reality in our brain isn’t a 
mirror of reality, but rather a glimpse 
through a keyhole. Illusionists like 
David Blaine control the brains 
of their audiences by skilfully 
placing this keyhole so the 
audience experience the trick 
as reality. “Everything that we 
perceive is manipulated by our 
ego,” explains Daniel Kahneman. 

WHY DO CHILDREN 
SEE BETTER THAN 
ADULTS? 

Our retinas contain a staggering 
126 million photoreceptors. They 
transmit data to the brain more than 
1 1 million times per second. But the 
brain can only process 40 of these 
impressions - the remainder land in 
the bin. It’s like judging a novel after 
reading just four words. 

For our brain this ‘sloppiness’ 
isn’t a problem, it concentrates 
on the order, not the understanding: 

“I know this, I understand that, 
this belongs in that compartment.” 
The brain ticks off 99.9% of all 
impressions this way - regardless 
of whether they are true or not. 

“This scan is only interrupted by 
impressions that are unexpected, 
or that induce feelings of fear or 
desire,” explains Emily Balcetis. 

The brain steers us through life 
like a sleepwalker. “It takes only a 
tenth of a second to make all sorts 
of judgements about a face that 
you’ve never seen before,” explains 
Alexander Todorov, a psychologist 
at Princeton University. In the 
process it’s not only gender, age and 
mood that are taken into account, 
but also how helpful, nervous or 
intelligent the person appears. 
Depending on the circumstances 



this tenth of a second can 
determine whether we approach a 
person or avoid them - or whether 
we think of them as a suspect in a 
crime. “I often ask myself, ‘Who’s 
the boss here? Who’s really in 
control?”’ says Allan Snyder, 
a neuroscientist at the Centre for 
the Mind at the Australian National 
University in Canberra. “And the 
answer is always the same: our 
subconscious. It dictates all our 
decisions. The conscious mind is 
just a PR stunt by the brain so that 
we think we have some say.” 

The artificial reality in our head 
is well-protected from facts. Once 
obtained, ‘knowledge’ isn’t checked 
as our brains don’t have the time: 
our sensory centres continue to 
press them to analyse and interpret 
the next pieces of information. 

“We live continuously in our 
illusions,” says visual neuroscientist 
Susana Martinez-Conde from the 
Barrow Neurological Institute. “Very 
rarely is there a 100% correlation 
between reality and perception”. 
The laziness of the brain makes 
the deception in the head perfect. 
“Humans are cognitive misers,” 
says psychologist Lars-Eric 
Petersen. “We try to get by with 
as little thinking work as possible.” 

In some ways, this makes 
children superior to us in the way 
they think because their brain is still 
like a blank sheet of paper. They 
notice their environment impartially 
and much more exactly - simply 
because they have less reference 
material to go on. 

But in certain circumstances 
this perception can put your life 
at risk. While the young might 
be mesmerised by the sight of 
an onrushing car, adults would 
take evasive action immediately: 
we ‘see’ the imminent danger. 

As eminent psychologist Richard 
Gregory points out: “The brain 
plays tricks on our perception 
all the time - but without these 
illusions we couldn’t survive...” 



SMARTER IN 60 SECONDS... 



4 FASCINATING QUESTIONS ABOUT 



Is music on the internet deceptive? 

The human ear is missing quite a few things: for example, 
f it struggles to tell two tones apart unless there are 

major differences between them. And a loud noise can 
completely mask a quieter sound after and even before it. In 
short, when an orchestra is playing, an untrained ear will only 
take in about 15% of the acoustic information. The MP3 audio 
format exploits this and removes all ‘inaudible’ tones, like quiet 
ones. This reduces the memory requirements of a song by 
about 90%. Physically speaking, originals and copies are 
worlds apart but for most human ears, they sound the same. 
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picture 
moving' 
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O Let your eyes wander over the spots: only what your eyes 
focus on is fixed. Everything outside the focus seems to 
move in waves. This peripheral drift illusion is based on the 
brightness differences in the image and not on the colours used. 
The light and dark areas confuse the motion sensors in our brain 
and deceive them into seeing undulating waves. Motion is 
consistently perceived in a dark-to-light direction. 



S S Can an amputated hand still hurt? 



0 Approximately 6,000 major limb amputations are carried 
out in England every year. Gone forever - or apparently 
not, according to the brain. Three in four amputees can 
still feel phantom pain after the operation. Those affected might 
feel a tingling in their fingers even though they no longer have 
a hand. The brain has a ‘memory’ of the amputated limb and 
its associated nerve signals. To alleviate phantom pain we 
need to reverse it. One approach is to use mirror therapy, 
which ‘reinstates’ the missing hand back into its original position. 
Illusory visual information then tricks the brain into thinking the 
‘resurrected’ limb is now moving when they move the good hand. 



WHAT MAKES A SHIP HOVER? 




O A hot, windless day 
on the beach - and 
for anyone looking out 
to sea it looks like ships are 
flying on the horizon. How 
does this happen? When a 
hot air layer lies directly over 
a cold one at a so-called 
temperature inversion, the 
light rays are bent - similar 
to light breaking as it enters 
clear water. Objects at 
or even below the horizon 
seem to move upwards 
- and a mirage is born. C 
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O CEREMONIAL CENTRE 

The imposing ruins of Teotihuacan 
iie around 50 kiiometres north of 
Mexico City. When the Aztecs 
discovered the site in the 14th 
century, the city’s mysterious 
builders had long since vanished. 

9 DEEP-ROOTED 
MYSTERY 

A few years ago, archaeologists 
found an 1 8-metre shaft leading to 
an underground tunnel. It is older 
than the temple above it and was 
sealed off in 250 AD. 



0 AVENUE OF THE DE^ 

What was once Teotihuacan’s 
Impressive central avenue extends i 
out above the tunnel. It is flanked 
by mass graves that bear witness to 
the bloody sacrificial cult of tbe 
arstwbile rulers. 

0 ROYAL TOMB 

Tbe tunnel leads to tbe Temple of 
the Feathered Serpent (left) - this 



0 OFFERINGS 



High-tech robots equipped with civilisation’s most important 
infrared cameras and laser construction. Head of excavations. 



scanners were used to prohe the Sergio Gomez, hopes to find the 
1 38-metre-long tunnel. royal tombs of Teotibuacan here. He 

They discovered some 50,000 believes that a stairway at the end 

offerings that had been buried for of the tunnel will lead him 3-4 

the past 1 ,800 years. metres deeper into the underworld. 
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MYSTICAL SPECIAL 

1 TEOTIHUACAN, MEXICO 

Did Colombian 
rulers build a 
door to the afterlife? 





Since the beginning of time, 
civilisations have been searching for 
a gateway to the mythical realm of 
the dead. In fact, entire religions have 
been founded on the notion. It’s only 
today that archaeologists are starting 
to get to the bottom of these mysteries 



S ergio Gomez waits with bated breath. 

For six years, the archaeologist has been 
excavating the 138-metre tunnel below 
the main temple of the pre-Colombian 
city of Teotihuacan. He and his team have shifted 
1 ,000 tons of rocks and debris, bringing countless 
treasures to light. And now, at the end of the 
tunnel, Gomez can scarcely believe his eyes. Three 
sealed chambers lie before him. Could they be the 
tombs of the legendary kings of Teotihuacan? 

With an area of 36 square kilometres and a 
population of up to 200,000, the temple city of 
Teotihuacan was one of the first great global 
metropolises. The Mesoamerican civilisation that 
built it flourished some time between 100 and 700 
AD. A sophisticated power hierarchy was 
established, long before the Mayans and the 
Aztecs conquered the Americas. But 600 years 
later the civilisation vanished - leaving many 
mysteries in their wake, in particular the tunnel 
beneath the Temple of the Feathered Serpent. 

Archaeologists found almost 50,000 offerings 
there. Gomez believes these sacrifices were 
the rulers’ way of asking the gods to sanctify 
their status as leaders on Earth. 

The archaeologists have already landed their 
next coup: in one of the tunnels they found large 
quantities of liquid mercury - the metal may have 
symbolised a river leading to the underworld, 
which could suggest the existence of a royal tomb. 
If Gomez does succeed in finding a tomb before 
the excavation ends, DMA analysis of the bones 
could clear up one of the site’s major controversies: 
whether a single dynasty or several ruling families 
governed the mysterious civilisation. 

> 

For the people of 

Teotihuacan, the tunnel 
symbolised a gateway to 
the underworld. 

SERGIO GOMEZ, excavation leader and archaeologist 
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this page to see the terracotta 
^ warriors up-ciose. And more! 



RAINBOW WARRIORS 

The greyish-brown appearance of the 
terracotta figures is misieading - they 
were originaiiy bright and coiourfui. 
Restorers have recently succeeded in 
uncovering the paint on 55 warriors, 
revealing a series of mysterious 
patterns. If they can decipher the 
patterns, an entirely new field of 
archaeological study could be created. 



YXN ARMY OF 
ItMDiyiD^ALS 

The terracotta warriors 
were made over 2,000 
years ago to protect the 
mausoleum of Chinese 
emperor Qin Shi Huang. 
The grave complex near 
Xi’an has since been 
turned into a museum. 
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ARMY COMES TO LIFE! ^ 

Use the free viewa app and scan 







DELUSIONS OF 
GRANDEUR UNTO DEATH 

According to experts, the clay army 
consists of 8,000 soldiers, 
130 chariots and 520 horses. 
Each figure has unique features, 
weapons and military insignia. 
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A XrAN, CHINA 

Which emperor led 
an entire army into the 

realm of the dead? 




S weat pours down Yang Zhifa’s face 
as he tills the rock-hard soil with his 
pickaxe. It is 1 974 and for weeks 
China’s central province of Shaanxi 
has been plagued by drought. While searching 
for water, the farmer strikes something hard. 

He keeps digging away, eventually unearthing 
the shoulder of a life-sized clay figure. What 
Yang does not yet realise is that he has just 
made the greatest archaeological discovery 
of the 20th century - the legendary Terracotta 
Army of the first Chinese emperor Qin Shi Huang. 

Historians estimate the emperor began building 
his mausoleum after taking the throne in 221 BC 
- at just 13 years old. Some 700,000 forced 
labourers spent 30 years digging pits and building 
mounds. In the end, the grave complex measured 
90 square kilometres - as large as Manhattan. 

Why go to all this trouble? Qin Shi Huang 
wanted to take his entire empire with him to the 
underworld; he envisioned being buried alongside 
model palaces, horses, chariots and clay soldiers. 
“It was a replica of the actual organisation in the 
Qin dynasty,” explains Duan Qingbo, one of the 
archaeologists leading the project. 

Plagued by his fear of the dangers looming 
in the afterlife, the emperor constructed an armed 
military escort made of over 8,000 life-sized 
terracotta soldiers. “He wanted to have an army 
in the afterlife as well - one that would protect his 
spirit and his tomb from all of the soldiers he had 
killed,” explains historian Robin Yates. Huge areas 
of the complex have yet to be excavated. In fact, 
Qin’s tomb itself remains unopened - without 
suitable measures, exposure to fresh air would 
turn its valuable treasures to dust in an instant. 

> 

The emperor wanted 

to have an army in the 
afterlife as well - to protect 
his spirit and his tomb. 

ROBIN YATES, historian 
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HOW ARE 

CENOTES 

FORMED? 



1. Dissolution 
of rock 

The carbon dioxide in 
rainwater dissolves the 
limestone bedrock over 
centuries, causing it to 
crack and fracture. 



2. Cave formation 

Erosion turns the cracks 
into subsurface voids. 



3. Collapse jf' 

When the void reaches^ 
a certain size, the cave . 
roof collapses and a 
cenote is formed. 



4. Flooding 

During an ice age, sea 
levels drop -the hollow 
is now above water. 

It will only be flooded 
again when the polar 
ice caps melt. 



TIME CAPSULE 

Beneath the Mexican peninsula of Yucatan, 
over 10,000 subterranean caves extend for 
more than 1000 kilometres. As if sealed in 
a time capsule, skeletons from the ice age 
as well as ritual sacrifices from the 
Mayans are preserved in these caves. 







W YUCATAN, MEXICO 

What secrets are 

hidden in the 
underwater caves 

of Yucatan? 





NATURAL WONDER 



The Great Blue Hole, a paradise for scuba divers and one of the 
most renowned cenotes, lies around 70 kilometres off the coast of 
the Latin American island of Belize. With a diameter of over 300 
metres, the hole is up to 125 metres deep and contains a cave 
system with massive stalactite and stalagmite formations. 



Flowstone 



Sediment floor 



Porous 

limestone 



T orchlight glides over cliff walls, stalactites 
and human skulls, searching for clues. 

Uli Kunz and his team of scuba divers are 
closing in on the realm of the dead. The 
marine biologist is studying what is believed to 
be the world’s largest subterranean cave system 
- the cenotes on Mexico’s Yucatan Peninsula. 

Once inhabited, these caves were flooded 
about 10,000 years ago. Divers have found many 
artefacts from the Stone Age here such as human 
skeletons, fire pits, tools and ceramics. When 
the Mayans discovered the caves thousands 
of years later, they saw them as gateways to 
the underworld kingdom of their rain god. 

It appears that the priests went to the cenotes 
during times of drought to offer up human 
sacrifices and seek the blessings of their gods. 

And these caves have more stories to tell. 

Experts hope they will shed light on the first 
settlers in the Americas. They recently 
unearthed the 13,000- year-old skeleton 
of a young girl, which seems to indicate that 
the continent’s earliest settlers descended 
from a single North Asian civilisation. If 
confirmed, the established history of the 
Americas’ first settlers may need to be rewritten. 

The problem? Only highly trained divers 
can safely navigate these underwater mazes. 

Most cenotes are pitch black and extend to 
depths of hundreds of metres. 

“Miscalculate the amount of oxygen you 
need and you’re as good as dead,” warns 
Kunz. That’s why even today the cenotes can 
be the gateway to the afterlife for many divers. 

> 

If you miscalculate the amount 
of oxygen you need, lose 
your way or start to panic, 
you're as good as dead. 

ULI KUNZ, marine biologist 
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A GRAVE LIKE NO OTHER 

Seti’s final resting place is not only 
the world’s longest and deepest tomb, 
it is also the first to feature 
decorations with artistic reliefs and 
hieroglyphics on virtually every wall. 
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^ VALLEY OF THE KINGS, 

Did the ancient 
Egyptians make a 
map of the 
underworld? 




T here is no way Zahi Hawass can hide 

his disappointment. After three gruelling 
years of excavations, he and his team 
have finally managed to reach the 
end of this 1 74-metre unstable shaft - often 
putting their lives at risk. 

Why the massive effort? To find out what lies 
at the end of the 3,000-year-old rock tunnel under 
the lavish tomb of Pharaoh Seti I. But the tunnel 
refuses to reveal its secrets - it simply ends 
abruptly. Was it never finished or could it have 
been a symbolic stairway to the underworld? 

The best directions to the tunnel can be found 
in Seti’s tomb itself, in the heart of the Valley of 
the Kings. Each of the tomb’s walls is plastered 
with mysterious epigraphs, a series of incantations 
designed to lead the dead along the path to 
eternal life - a map of the underworld, if you will. 

And the dead most certainly need the map. 

The realm of the dead is described here as 
a labyrinth full of locked doors, obstacles and 
challenges. According to Egyptian mythology, 
a soul-eating demon could be lurking around 
any corner. After navigating the maze for six hours, 
the pharaoh must stand trial for the god of the 
underworld Osiris, who will weigh his heart against 
goddess Meat’s feather of truth. If the scales are 
balanced, he receives eternal life. If not, his heart 
is eaten and he dies a second - and final - death. 

Seti had no doubt what his verdict would be. 

It is displayed on the walls of the funerary temple, 
which Seti commissioned while he was still alive. 
The elaborate reliefs [sculptural techniques] show 
the pharaoh receiving eternal life, before he is 
transformed into the mummified embodiment of 
Osiris and becomes the divine father of all kings. 

> 

Thefi nal stair remains 
unfinished, the tunnel 
ends abruptly. 

ZAHI HAWASS, Egyptologist 
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PETRA, JORDAN 




Jordanian desert lies 
Petra, once the capital city 
of the Nabatean Empire. 
Archaeologists have 
uncovered about 1,000 
ruins over its 18 square 
kilometres. That might 



Why was a 

theatre built 
for the dead? 



sound a lot, but according 




to estimates it accounts 
for just 20% of the ancient 
City of Rock. 



DEATH ON THE STAGE 

Petra’s theatre put on more than 
just plays. Archaeologists also 
found shafts where the city’s 
ordinary citizens were buried. 



A gorge marks the entrance to one 
of the greatest mysteries of the 
ancient world. The narrow passage 
meanders on for more than one-and- 
a-half kilometres, flanked by 100-metre-high 
rock walls, until it opens onto a massive fagade 
carved into the red stone wall: Petra, a mega- 
metropolis forgotten for centuries and the capital 
city of the enigmatic Nabatean civilisation. 

Around 2,000 years ago, a tribe of Arabian 
nomads established a highly sophisticated 
trading hub covering an area of 18 square 
kilometres at the edge of the Jordanian desert. 
To this day, only a fraction of the city has been 
excavated, leaving many mysteries unsolved. 

Perhaps the greatest of these mysteries 
is the massive theatre complex, which was 
carved into the rock at a time when Jesus of 
Nazareth was preaching the gospel just a few 
kilometres to the north. The theatre has 45 rows 
of seats that could accommodate as many as 
10,000 people and is situated right next to the 
Nabatean’s rock-hewn graves. 

A pure coincidence? Maybe not. Take a closer 
look at the small picture on the left: the audience 
is nearer the realm of the dead than they might 
think. Those black holes in the rear wall above 
the last rows turn out to be tombs - a peephole 
from the underworld; box seats for the dead. 

Scientists are divided. Did they actually stage 
performances in the amphitheatre? Or was 
it used for elaborate funerals with human 
sacrifices? Israeli archaeologist Avraham Negev 
believes the theatre served a ritual function in the 
funeral cult of the Nabateans, because when the 
tombs were finally opened, they were empty. It 
seems the ghosts have long since left the theatre. 

> 

Petra's theatre served a 

ritual function in the 
funeral cult of the 

Nabateans. 





AVRAHAM NEGEV, expert on the Nabateans 
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Covering an area of around 18,000 square 
metres, with three separate levels and walls up 
to ten metres thick, the royal palace of Qatna 
is one of the largest of its era. 



Throne room 



Multi-layered wooden ceiling 



Large 

courtyard 



Audience hall 



Room with the 
Minoan frescoes 



Royal tomb 
(13m underground) 



Entrance 



Water supply room 
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W QATNA, SYRIA 

Why did the rulers 
of Qatna try to 

communicate 
with the dead? 




P eter Pfaizner’s heart is racing as he 
enters the tomb. The thought that 
he could be the first human to set 
foot in the royal tomb of Qatna in 
more than 3,300 years sends shivers down 
his spine. The floor is littered with stones and 
skulls. A woman’s skeleton lies on a bench; 
bowls are stacked on top of a sarcophagus 
nearby. Pfaizner has found not only one 
of archaeology’s greatest treasures, but 
also a completely unique death cult. 

The Syrian city-state was all but forgotten 
for millennia, even though it had been 
a major superpower that ruled over the 
entire Mediterranean region. It wasn’t 
until 2002 that Pfaizner, an archaeologist, 
ventured 13 metres below the ruins of the 
royal palace and found an untouched tomb 
containing over 2,000 artefacts. Seven 
years later he landed a further coup: 
another chamber filled with gold jewellery, 
weapons and at least 100 graves. 

Particles of food residue found there 
confirm that Qatna’s rulers maintained close 
contact with their ancestors. At every full 
moon, they descended to the underworld to 
share great ritual feasts with the dead and 
to ask for their counsel. But not even the 
ancestors could prevent Qatna’s downfall: 
in 1340 BC, the Hittites from Asia Minor 
stormed the city and razed it to the ground. 

Archaeologists have now ceased work on 
the site. Qatna is just 18 kilometres from 
Homs - one of the epicentres of the country’s 
bloody civil war. Thankfully, the heritage site 
has been spared major damage - for now. 

> 

The palace foundations 
are built on the graves 
of its ancestors. 

PETER PFAIZNER, archaeologist 

















O minous cries drift up from the deep. 
Crowds stand rapt before the 
majestic temple, listening to 
unnerving sounds that are strangely 
reminiscent of a jaguar’s roar. Smoke billows out 
from underground - the oracle has spoken. 

Chavin de Huantar, a ceremonial centre built 
around 850 BC, still confounds archaeologists. The 
temple complex in the Peruvian Andes was “one 
of the most sacred sites of the indigenous people, 
similar to Rome or Jerusalem now,” wrote one 
Spanish monk in 1616. Inside a three-storey 
pyramid with a square base, archaeologists found 
a labyrinth of chambers and stairways connected 
by a series of underground passageways, 
stretching for one-and-a-half kilometres. 

Was this complex tunnel system used for 
ritualistic ceremonies? Many of the corridors and 
stairways end abruptly; others lead deep down 
into the underworld. Excavators believe the priests 
of the Chavin cult performed rituals there, using 
acoustic effects to manipulate their people. 
Accompanied by Andean trumpets, the believers, 
laden with offerings, were forced to feel their way 
through the dark passageways until they reached 
the Oracle of El Lanzo: an almost five-metre granite 
monolith depicting a god with terrifying feline 
features and snakes radiating from its head. 

“Chavin de Huantar was an important - if not 
the most important - ceremonial centre of its 
day. People travelled from far and wide to consult 
the Oracle,” archaeologist Ivan Falconi believes. 
Using state-of-the-art georadar and geoelectric 
tomography, Falconi now hopes to solve the 
site’s greatest mysteries. □ 

> 

People travelled 

from far and wide to 

consult the oracle. 

IVAN FALCONI, archaeologist 
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CHAVIN DE HUANTAR, PERU 



Who dwelt in the 

subterranean 
labyrinth in 

the Andes? 



TEMPLE 

COMPLEX 

The site is thought to 
he 2,500 to 3,000 
years old, making it 
one of the oidest stone 
structures in Peru. 






STONE RIDDLE 

Deep inside the^ 
ceremoniai centre o9 
Chavin de Huantar is 
the Oracle of El Lanzo, 
a 4.5-metre monolith 
made of granite. 
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Conquer the trail. 

The Garmin epix provides unprecedented, high-resolution, colour, 
touchscreen GPS/GLONASS mapping. Available with woridwide basemap or 
optional preloaded Australia and New Zealand TOPO lite and up to 8GB of 
Internal memory for additional map storage epix puts It all on your wrist. Now 
you can get the functions of a Garmin ABC (altimeter, barometer, compass) 
device, plus the full-colour maps that let you not only track where youVe beea 
but let you plan for what's ahead. The revolutionary Exo™ antenna means 
better signal strength and quicker fixes. Ifs time to get out there and conquer. 
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QUESTIONS & ANSWERS 



WHAT MAKIS THE WATER BLUE? 

The sulphur is so hot (far above 
500 degrees Celsius) that it reacts 
with the oxygen in the air and 
ignites in the process. The result 
can be seen here: the sulphur 
begins to burn with a blue f lame> 
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HOW DO 



VOLCANOI 



HOW DOES A VOLCANO 
SIMULATE LAVA? 

The blue river does not 
consist of lava (melted 
rock) in the usual sense. 
Instead ( condensed 
sulphur gases spill out of 
the mountain above the 
crater lake of Kawah Ijen. 





DO YOU HAVE A QUESTION FOR OUR TEAM OF EXPERTS? 

Simply send us an email with ‘Questions and Answers’ in the subject iine to 

worldofknowledge@bauer-media.com.au 






At the eastern end of the island 
of Java, Indonesia, a group of 
stratovolcanoes, which form part of the 
Ijen volcano complex, rise 2,800 metres 
into the sky. Violent eruptions over 
the past millennia have left behind a 
sprawling cratered landscape measuring 
almost 80 kilometres across. Noxious 
gases spiral out of this forbidding 
landscape - but that’s not all. The volcano 
also spews out tons of 538°C sulphur from 
cracks in the rock to the surface. The 
sulphur reacts with the oxygen in the air 
and burns, causing a steaming, blue-lit 
river to tumble down the mountain. 

The burning river of sulphur eventually 
empties directly into the 200-metre-deep 
crater lake of Kawah Ijen. This 900-metre- 
long, 600-metre-wide body of water is the 
largest highly acidic crater in the world. 
The pH value of the bubbling lake is 0.5 - 
roughly as acidic as car battery acid. 

In 1921, to protect the surrounding land 
from this poisonous concoction, Dutch 
engineers constructed a massive dam on 
the edge of the crater, which prevented 
the uncontrolled run-off of the swirling 
sulphuric soup. These days the dam is no 
longer operational; instead ceramic pipes 
collect the run-off of sulphur which is then 
mined by local workers when it has 
cooled down sufficiently. 
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HOW DO 

DESERT ANTS 
PROVE THEIR 
COOLNESS? 



Does hot weather make you lethargic? It doesn’t bother 
the Saharan silver ant: this hard worker keeps toiling 
away even in temperatures of 70 degrees Celsius and 
can flit across the hot desert sand without a care in the 
world. But how does it manage this without being fried 
to a crisp? Quite simply, its body hair functions like a 
cooling system. Covering their chitin exoskeleton is a 
dense coat of uniquely shaped hairs with triangular 
cross-sections that reflect light and emit heat. This 
means that their bodies can remain below the critical 
temperature of 53.6 degrees. Scientists hope to use 
nature’s handiwork to learn how to cool down 
technological devices quicker and more effectively. 






HOW FAR 

CANA 

CAT FALL 




HOW OLD IS 

THIS BOY? 



WITHOUT BEING INJURED? 




its front paws close to its body. Then it repeats 
the manoeuvre in reverse order: it stretches 
out its front paws and draws its hind legs 
inwards, rotating the rest of its body in the 
process. To ensure a safe landing the feline 



Tree bombers’ are used 
to repopulate cleared 
stretches of forest. 






Hyomyung Shin looks like a 
perfectly healthy child. But what 
you can’t tell from looking at him is 
that he was born in 1989. He’s 26 
years old, but hasn’t experienced 
puberty yet. The South Korean 
suffers from a rare genetic condition 
that’s been dubbed ‘Highlander 
Syndrome’. Only a few cases have 
ever been recorded. Those affected 
age extremely slowly - or not at all. 
Will Shin live far longer than the 
average human as a result? Nobody 
can say. The condition is completely 
new territory for doctors. But 
the answer to one of mankind’s 
oldest questions could be locked 
in Hyomyung Shin’s DNA. Could 
this put the brakes on ageing? 






The highest fall survived by a cat, which 
escaped with just a chipped tooth, was from 
the 32nd floor of a high-rise - more than 1 00 
metres up. If a cat falls from a height upside- ^ 
down, it can turn itself around as it falls within 
just a few metres. To do so, the moggy uses an 
ingenious trick: as soon as it falls, it stretches 

I I j. I I 



ends by hunching its spine and stretching 
out all four legs from itself. This technique 
lessens the impact like a shock absorber 
in a car’s suspension - and hitting the ground s 
is a breeze. A cat acquires this positional 
reflex from an age of just 39 days. 



As storage vessels for carbon 
dioxide, trees are vital to protecting 
, the climate. But every year around 
the world thousands of square 
kilometres of forest are lost through 
fires and deforestation. A UK-based 
team now wants to use technology 
to plant more than a billion new 
trees - from the air. Using a remote- 



controlled quadcopter, tree saplings, 
safe inside green containers, 
will be dropped over barren areas 
like bombs. The biodegradable 
packaging drills into the ground and, 
overtime, is decomposed by rain. 
The seeds can germinate and grow 
roots, becoming one of a billion new 
trees helping to slow deforestation. 



What are 



HOW FAST DOES 
A CAT FAIL? 

An average-sized 
cat’s terminal 
velocity is about 
lOOkm/h. 





Researchers from the UK’s University of Portsmouth found that the 
teeth of a type of limpet [left], measuring just one millimetre across, 
are made from the strongest biological material in the world. The 
tensile strength of the teeth equates to a whopping 4.9 gigapascal 
(GPa). In comparison, a human tooth only achieves a maximum value 
of 0.5 GPa. The strength of the tiny limpet teeth [macro view, above] 
is comparable to the fibres used to make bulletproof vests. 




Does noise affect your weight? 



According to researchers from Sweden’s Karolinska 
University eating in silence preserves our figures. 

The study followed 5,000 people and found that 
participants subjected to street noise every day during 
meals had wider hips than those that ate in silence. 



Every additional 10 decibels equated to a one 
centimetre increase in waist size. The risk of being 
overweight doubled for those living under a flight path 
or beside train tracks because the noise triggers stress 
and forces the body to store additional fat reserves. 
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WHY IS 

DUBAI 
IMPORTING 
SAND INTO 
THE DESERT? 



Dubai lies directly within the Arabian 
Desert - but despite its location the 
Arabic mega-city is importing millions 
of tons of sand from Australia. 

The city requires the material for 
the construction of new skyscrapers, 
because the local desert sand can’t be 
used as a building material - it is too 
fine for concrete and its rounded edges 
mean the grains do not grip together. 
The desert sand can’t be used for the 



manufacturing of large glass windows 
or the banking of islands either. Like 
Dubai, other large cities like Singapore 
also regularly purchase building sand 
for this purpose. It’s a booming 
business for Australia as the country 
earns up to $5 billion a year through 
the sales of sand. But all this comes 
at a price, as many ecosystems 
measuring thousands of square 
kilometres are being destroyed. 




IS THERE A MACHINE THAT 
PRODUCES LIGHTNING? 



In the past it was hard to 
predict where lightning 
would strike. That makes 
it difficult to research, not 
helped by the fact that 
lightning produced in a lab 
has completely different 
characteristics. But now a 
team led by Martin Uman 
at the International Center 
for Lightning Research in 
Florida has developed a 
simple device that can 
capture lightning. They 
wait for a storm and then 
send up a rocket on a 
piece of string. The basic 
condition needed for 
a natural bolt of lightning 
is a charge separation. 

To catch lightning then, 
the scientists attach a 
700-metre spool of copper 



wire to the 1 .8-metre-tall 
hobby rocket. The spool is 
grounded to a strike rod. 
As the rocket launches 
into the storm, the wire 
unspools and a positive 
electrical discharge shoots 
upwards. In response a 
negative charge follows 
the same path back down 
to the ground and into the 
strike rod at the end of the 
wire. A current then runs 
back upward, creating the 
flash known as lightning. 
Triggered lightning 
reproduces almost the 
exact behaviour and 
effects as the real thing. 
The whole procedure is 
recorded by a high-speed 
camera that delivers a 
million images per second. 




Can you be 

allergic to smells? 

Even in the case of severe allergies, 
the aroma of the offending substance 
can’t by itself trigger an allergic 
reaction. The proteins that are 
responsible for it are not transferred 
with the smell. For example, nut 
allergy sufferers could smell peanut 
butter without worrying about 
experiencing breathing difficulties. 

It’s only when certain substances are 
cooked that large amounts of protein 
molecules from the food are released 
into the air. Inhaling large amounts 
of these fumes could trigger an 
allergic reaction. D 
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AND FINALLY... 




On a Siberian river, a curious Kamchatka cub tries his hand at fishing 



A ctually, it isn’t that hard to catch 
a salmon. You just need the right 
equipment. For fully grown Kamchatka 
brown bears, that means two paws the 
size of car tyres, massive claws and fangs, and cat- 
like reflexes - despite weighing 750kg. 

But what about the bear cubs? “They are extremely 
curious, always watching mama bear very closely to 
learn how to catch the salmon,” reports Marco Urso. 

The Italian, one of the world’s top wildlife 
snappers, recently had an assignment to photograph 
Kamchatka brown bears in Siberia. “Their habitat is 
totally wild,” Urso says. Hardly any roads; not a soul 
to be seen. “What you find instead are countless 
rivers filled with salmon.” 

So, all the cubs need is the right teacher. 

With his work finished for the day, Marco Urso was 
casting his rod on the river when he noticed a bear 
cub. “His mother was fishing about 50 metres upriver 
and the little bear was pretty much right between us. 





He looked at her, then at me, and then back at her.” 
Suddenly, the cub disappeared into the bushes. Urso 
heard a rustling sound and then a sharp snap. The 
cub returned to the shore with a stick, sat down less 
than 20 metres from the photographer and held his 
stick out over the water. 

“My first thought was, he’s fishing! My second was, 
where’s my camera?!” The bear cub kept looking 
over at Urso as he reached for his camera. “It was 
like he wanted to check if he was doing it right.” Just 
like any Kamchatka bear cub would do. 

The scene went on for a good while before the 
bear started watching his mother more, and the 
photographer less. “He wasn’t getting any bites, 
of course - and neither was I. But his mother was 
having great success. At some point, he stood up, 
threw the stick away and glanced over at me one last 
time. I’m pretty sure he thought I was a fool. A total 
novice, trying to catch fish with a little stick instead of 
the biggest paws in the animal kingdom.” D 
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The end of Ebola? 

AHMED LOKESH 

Last month's article about Ian Crozier, the doctor who beat Ebola 
once before it resurfaced in his eye, was brilliant (‘I Survived 
Ebola’, November). What’s the current status of the Ebola 
epidemic? Is the outbreak completely over or is there a chance it 
could return with full force again? 

> Despite dropping out of the headiines, the Eboia outbreak is not 
quite over. In June 2015 new cases of Ebola surfaced in Liberia, 
though the country had initially been declared Ebola- free in May 
of this year. On 3rd September 2015, however, the World Health 
Organisation (WHO) once again declared Liberia free of the virus. 

In neighbouring Guinea and Sierra Leone, though, limited Ebola 
cases are still occurring - albeit at levels nowhere near those seen 
at the height of last year's outbreak. A country is considered free of 
human-to-human transmission once 42 days have passed, marking 
two 21-day incubation periods. However, the risk remains for some 
time: Ebola pathogens have been found in the semen of male 
survivors up to three months after their blood samples have tested 
negative for the virus. As Francis Karteh from Liberia's Ebola 
management department warns: ‘As long as there is one person 
with Ebola in our region, Ebola is still a threat." 



Grey area 

JOSEPHINE MILNER 

As I’ve moved into my 40s, I’ve become increasingly grey! What 
exactly makes human hair change colour as we age? 

> The substance that gives both hair and skin its colour is a 
pigment known as melanin. Grey hair is simply hair with less 
melanin while white hair contains no melanin at all. Young people 
generally have hair with plenty of melanin. But as they age, the 
amount of pigment decreases, leading to greying locks. The 
depositing of melanin in the hair follicles is mostly controlled by our 
genes, which is why early-onset greyness tends to run in families. 
Most people start to go grey in middle age. However, a period of 
extreme stress or a sudden shock can also make hair turn grey 
quickly - though not overnight, as the old wives' tale claims. 



Sunny side up 

SARAH EAMES 

I enjoyed the article about myths 
last month (‘33 Everyday Myths’, 
November) - fascinating stuff. 

I wondered about another potential 
myth I’ve heard a lot - is it true 
most of the UK’s population are 
deficient in vitamin D because 
of the miserable British weather? 

> Britain's overcast tendencies are no 
myth and, consequently, neither is the 
lack of vitamin D among its population. 
In fact, at least one in five Brits are 
severely deficient in this vital nutrient. 

A 2015 study recommended vitamin D 
supplements for the whole population, 
though current government advice 
recommends supplements only for 
those particularly at risk of a deficiency: 
pregnant women, adults over 65 and 
children under 5. But this may soon 
change in light of new research that 
reveals Britain is simply not sunny 
enough to provide its people with 
sufficient levels of the sunshine vitamin. 
And while Australia may be blessed 
with an abundance of sunny weather, 
incredibly one in every three Aussies 
suffer from vitamin D deficiency. The 
body is better at absorbing the vitamin 
through sunlight than food. 



straight to the point 

FINN PETERING 

Where does the concept of straightness 
came from? Why are things straight? 

> This is one of the most challenging 
questions we've ever had - and the 
truth is no one really knows! Possible 
answers are as much philosophical 
as they are scientific - i.e. is there even 
such thing as pure straightness? While 
an object like a ruler may look straight 
to the naked eye, viewed through an 
atomic microscope the seemingly 
smooth surface may appear bumpy. 
Even a laser beam could be subject 
to environmental factors that distort its 
path. While straight lines rarely occur 
in nature (think of a tree as vertical 
rather than straight) they're not 
unheard of. Professor Dr Chloe 
Bulinski, professor of biology at 
Columbia University points out that 
carbon atoms, the very building blocks 
of life, often bond with themselves and 
other atoms in lines and planes. As 
you can see, it's a mindblowing topic! 
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